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INPEAUCJIOBHUE

[enpro mpenogaBanus Kypca oOmel Qu3uku saBisgercs (GopMUpoBaHHE y Oy-
OYLUIUX UHXXEHEPOB COBPEMEHHOTO (PU3UUYECKOIO0 MUPOBO33pEHUS, HA KOTOPOM 0a3u-
PYIOTCSI HH)KEHEPHO-TEXHUYECKUE CIEINATbHOCTH, 03HAKOMJICHHE CTYACHTOB ¢ (pyH-
JaMEHTAJIbHBIMU (PU3MUECKUMU 3aKOHAMHU U SIBICHUSMH, JIEKAIIMMH B OCHOBE CO-
BPEMEHHBIX TEXHOJOT U, pa3BUTHE HABBIKOB CAMOCTOSATEIBHOU paOOTHI.

Kypc ¢u3uku cocTouT u3 JeKUUid, IPAKTUYECKUX U JTa0OPATOPHBIX 3aHATUN U
CaMOCTOSITENIbHON paboThl cTyAeHTOB. CaMocTosTeNbHAs paboTa CTYIEHTOB, SBISSACH
OJIHUM W3 BaXXHEWIIMX MOMEHTOB OCBOEHUS Kypca, BKIIOYAET B ce0sl U3yUEHHUE pa3-
JIEN0B (PU3UKH C UCTIOIB30BAHUEM OCHOBHOM U JIONOJHUTEIBHOMN JIUTEpPaTypHI.

B u3yuenun kypca QU3MKU pelIeHue 3aad UMEET UCKIIOUUTEIbHO OO0JbIIOoe
3HaueHue. Perenne v aHaiau3 3ajad Mo3BOJISIOT MOHATh U 3alIOMHUTh OCHOBHBIE 3a-
KOHBI U (pOpMyITbl (DU3UKH, PA3BUBAIOT HABBIK B MCIIOIH30BAHUU OOMIMX 3aKOHOB Ma-
TEPUAIIBHOTO MUpa Ul PEIICHHUs] KOHKPETHBIX BOIPOCOB, UMEIOIINX MPAKTUYECKOE
3HaueHHe. YMEHHUe pelaTh 3a7auu SBISETCS JIyUIIUM KPUTEPUEM OLICHKH TTyOMHBI
U3Yy4YEeHUS IPOrPAMMHOTO MaTeprasa U ero yCBOCHHS.

[{enb HACTOALIETO METOIUYECKOTO MOCOOMS — OKa3aTh IOMOILb CTYACHTaM 3a-
OYHOM (QopMBbI 00YUYEHMS] MH)KEHEPHO-TEXHUYECKUX CIEUUATbHOCTEH B H3yYEHHUU
Kypca ¢usuku. B Hem yuTeHbl OCOOEHHOCTHM YYEOHBIX IUIAHOB HHXKEHEPHO-
TEXHUYECKUX CIELHATBHOCTEN.

[TocoOue comepKUT BBIMUCKY M3 paboyeill mporpamMmsbl MO U3y4aeMbIM paszjie-
JaM, CBOJKM OCHOBHBIX (OpMyJ, 3afaHMs ISl KOHTPOJIbHBIX paboT. CripaBouHbIE
MaTepuralbl IPUBEICHBI B pasnaene 3.

PA3JIEJI 1. OBINUE METOAUYECKHUE YKA3ZAHUSA

1.1. Beinucka u3 0a30B0ii padoueil mporpaMMbI
Kypca o0meii Gu3uky 115l MHKEHEPHO-TeXHUYECKHUX CIeUATIbHOCTEN

BBenenne

[Ipeamer ¢usuku. MeTonbl (U3MUECKOTO0 HCCIEAOBAHMS: OIBIT, THIOTE3A,
AKCHEPUMEHT, Teopusi. [IpeeMcTBeHHOCTh 3HaHUN. Pob (hU3MKKU B pa3BUTHUU TEXHUKHU
U BIUSHUE TEXHUKU Ha pazBuTue ¢u3uku. Pusnka kKak (GyHIaAMEHT COBPEMEHHOMN
TEXHUKHU U TEXHOJIOTUU. Posib GU3UKH B MHKEHEPHOM 00pa30BaHUH.

dusnyeckre 0OCHOBBI KJIACCUUECKON MEXAHUKHA
Knaccuueckass MmexaHMKa — OJTHO M3 OCHOBaHWM COBPEMEHHOW TEXHUKHU. Me-

XaHUYECKOE BMKEHHUE KaK MpocTeimas gopMa ABMKEHUS MAaTEPUH. DJIEMEHThI KU-
HEMAaTUKHM MaTEpUAIBHOM TOYKH. Teno orcuyéra, cuctema orcuéra. CKOpoCTb U yCKO-
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PEHHE KakK IMPOM3BOAHBIE paJIMyC-BEKTOpa IO BpeMeHW. HopMallbHOE W TaHTeHIU-
anpHOE yckopeHus. [locTymnarenbHOEe JBUKEHUE TEa.

Kunemarnka BpamareIbHOr0 JBHKCHHS aOCONIOTHO TBEPIOIO Tela. YTJioBas
CKOPOCTb M YTJIOBOE YCKOPEHHUE, X CBA3b C JUHEHHBIMH CKOPOCTAMHU U YCKOPECHUS-
MH TOYEK BPAIIAIOIIECTOCS TEa.

JIlnHaMuKa MaTepUAIIbHOW TOYKHA U MOCTYNATEIIbHOIO ABUXKEHUS TBEPAOIO Te-
na. 3agaun nquHamuku. [lepBeiii 3akoH HeroToHa. MHEpIManbHble CUCTEMBI OTCUETA.
Macca. Umnynbc. Cuna. @yHnaMeHTalIbHbIE B3auMoiercTBUs. BTopoit 3akoH Heto-
TOHA JJIsl MaTE€pPUaJIbHOM TOYKM WM CUCTEMbl MAaT€pHUaJIbHBIX TOYEK. BHyTpeHHUE U
BHEIIIHKME CWJIbl. 3aKOH COXpaHeHus umnyiibca. Tperuiil 3akoH HeroToHa.

JlnHamMuKa BpamaTeabHOrO JIBHKEHHUS TEla BOKPYT HEMOJBUXHOW och. Mo-
MEHT CUJIbl. MOMEHT MHEPIUH TEJIa OTHOCUTEIBHO OCU. MOMEHT uMIyJibca. Y pas-
HCHHUE JWNHAMHMKH BpAIaTEIbHOTO JABWKEHUS TBEPAOrO Tela OTHOCUTEIBHO HEMO-
JIBU>KHOM OCH. 3aKOH COXPAHEHUSI MOMEHTA UMITYJIbCA.

Mexanudeckasi paboTa, MOITHOCTh, dHeprus. PaboTa mepemMeHHON CuiIbl U €€
BBIPAKCHUE 4YE€pPE3 KPUBOJIMHEWHBIN HHTErpaj. DHEpPrus Kak yHUBEpcalbHash mepa
pa3IMUHBIX (GOPM JIBIKCHHS M B3aUMOJIeHCTBUA. KuHeTnyeckas SHEprusi MeXaHu4e-
CKOW CHUCTEMBI U €€ CBSI3b C pabOTON BHEIIHUX U BHYTPEHHUX CHUJI, MPUIIOKEHHBIX K
cucreme. Kunetnueckas sHEprusi Bpalllaroiierocs Tena.

[Tonarue o mone, kak ¢opmMe Marepuu, OCYIICCTBISIONICH CUIOBOE B3aUMO-
NEUCTBUE MEXy dacTuiaMmu BemiectBa. [loreHuuanbabie 1moss. Cuiibl MOTEHIHUAb-
Hble (KOHCEpBAaTHMBHBIC) M JAUccUNaTUBHBIC. [loTeHIIMaIbHAS PHEPTUS Tejla B I'paBU-
TallMOHHOM MoJie. [loTeHunanbHas SHEPTrUs yIpyroro B3anMoI€CTBUSL.

3aKoHbI cOXpaHeHHS — QyHIaMEHTaJIbHBIC 3aKOHBI (DM3UKHU. 3aKOH COXPaHCHUS
UMITYJIbCa. 3aKOH COXPAHEHUSI MOMEHTAa UMITyJIbCa. 3aKOH COXPAHEHUsI MEXaHUYe-
ckoii sHepruun. OO0Iuil 3aKOH COXPaHEHUS SHEPTUH.

DJIeMEHTBI CHCL[I/IaJIBHOﬁ TCOPHUN OTHOCUTCIIbHOCTHU

[IpocTpaHCTBO U BpeMs B KJIIACCUUECKOM MEXaHUKE. MEeXaHUYECKUW MPUHIHUII
otHocuTenbHOCTU. [IpeoOpazoBanust ["amunes. 3akoH CIOXKEHUSI CKOPOCTEH B Kiac-
CUYECKONU MEXAHMKE.

[loctynarsl cnenuaibHON Teopuu oTHOcUTenbHOCTU. [IpeobpazoBanus Jlopen-
na. Ilonstne ogHOBpeMEHHOCTH COOBITUN. OTHOCUTEIBLHOCTH BPEMEHHBIX HHTEpBa-
710B. JIOpeHIEBO COKpallEHUE JUIMHBI. PEISITUBUCTCKUN 3aKOH CIIOKEHHUS CKOPOCTEM.
WuTepBan Mexay COOBITUSIMM M €r0 MHBAPHMAHTHOCTh MO OTHOIIEHHIO K BBIOOPY
MHEPUUAIBHOW CUCTEMBI OTCUETA KaK IPOSBICHHE W B3aUMOCBA3b IPOCTPAHCTBA U
BPEMEHU.

DJIEMEHTBI PEIATUBUCTCKOW TMHAMUKH. Macca U UMITyJIbC B PENSTUBUCTCKOU
nuHaMuKe. OCHOBHOM 3aKOH PEISTUBUCTCKOW TMHAMUKH MaT€pUAIbHOW TOYKH. Pe-
JATAUBUCTCKOE BBIPAXKEHUE U1 KHHETUYECKOU dHEPTUH. B3anMOCBa3b Macchl U DHEP-
ruv. COOTHOIIEHUE MEXAY MOJHOM 3HEPrUEeW U UMIYJIbCOM. [ paHUIbI MPUMEHUMO-
CTH KJIACCUYECKON MEXaHUKHU.



Meroaunyeckoe nocodue no husuxe Berunnos A.B., Boakos A.®., Jlymnuesa T.I1.

®du3nyeckre OCHOBBI MOJIEKYJISIPHON (DU3UKU U TEPMOJUHAMUKHI

MonekyIsipHO-KMHETUYECKUN U TEPMOJMHAMUYECKAN METOAbl U3YUCHUSI MAK-
POCKOIHUYECKUX cucTeM. TepmoanHaMuuecKue napameTpbl. PAaBHOBECHBIE COCTOSIHUSA
¥ TPOIIECCHI, UX N300pakeHre Ha TEPMOIMHAMUYECKUX JUarpaMmmax.

NneanpHblii ra3. OCHOBHOE YpaBHEHHUE MOJIEKYJISIPHO-KMHETUYECKON TEOpPUHU
WJICAIBHBIX Ta30B IS JaBji€HUS. MOJIEKYISIPHO-KUHETHYECKOE TOJIKOBAaHHUE TEMIIE-
paTypsl. YpaBHEHHE COCTOSHHUS MACAIBHOTO Ta3a. 1'a30BbI€ 3aKOHBI KAK CIEACTBUE
MOJIEKYJISIPHO-KMHETUYECKON TEOPHUH.

DJIEMEHTBI KJIACCUYECKOW CTaTHUCTUKH. 3aKOH MakcBeuta Juisi pacupenesIeHUs
MOJIEKYJ HWACAIBHOTO Ta3a Mo MOAYJII0 CKopocTell. CKOpOCTH Tra3oBBIX MOJEKYI.
Omnwit lltepua. MneansHblil ra3 B mosie Tsarotenus. bapomerpudeckas ¢popmyna. 3a-
KOH bosiblimMaHa [u1s pacnpeiesIeHusl 4aCTUIl BO BHEIIIHEM TOTEHUUAIBHOM I10JIE.

duznyeckne 0OCHOBBI TepMOANHAMUKHU. TepMoanHamMudeckas cuctema. Pabora
U TEIIoTa Kak (popMa oOMEHa sHEpruer Mexay cucrtemMamu. BHYTpeHHss sHeprus
ujealbHOro Taza. Pacnpesnenenue sHepruu no creneHsM cBoOoibl. [lepBoe Hauaio
TEPMOANHAMHUKU. TEeIII0EMKOCTB.

Bropoe Hauano TepMoauHaMUKU. Makpo- U MUKPOCOCTOSIHUSA. DHTPOIHUS U €€
craructuueckui cMbicil. HepaBenctBo Kitaysuyca mis nukia u npouecca. [Ipumene-
HUE MEePBOr0 U BTOPOTO Hayajd TEPMOJAMHAMHUKU K aHAIM3y OOpaTHMBIX MPOILIECCOB B
rasax.

OO6patumble u HeoOpaTuMebIe miporiecchl. Kpyropoii npouecc (iuki). TenmaoBsie
IBUTATEN U xoJioauibHble MamuHbl. [{ukn Kapao u ero k.m.a. Teopema Kapho.

SIBmeHnst mepeHoca B TEPMOJMHAMUYECKMX HEPABHOBECHBIX IIPOLECCAX.
OnbITHBIE 3aKOHBI TU(PPY3UH, TEIUIONPOBOJIHOCTH U BHYTPEHHETO TPEeHUs. YpaBHe-
HUSl TiepeHoca. MolleKyIsIpHO-KUHETHYECKas TPAKTOBKA ABJICHUM nepeHoca. Koad-
(ULMEHTHI IEpeHoca U UX aHaJIU3.

OTtcTynieHus OT 3aKOHOB UealbHbIX Ta30B. PeanbHbie ra3pl. YpaBHeHue Ban-
nep-Baanbca. @a30Bble IEepexonbl NEPBOTO U BTOPOro ponxa. Kpurnueckoe cocros-
Hue. OCOOEHHOCTH JKHUJIKOTO COCTOSTHUS BEIECTBA.

DIIEKTPOCTATUKA

DIIEKTPUYECKUAN 3apsill. 3aKOH COXPAHEHHUS DJICKTPUUYECKOTO 3apsifa. 3aKOH
Kynona. Dnekrpuueckoe mnosie. OCHOBHBIE XapaKTEPUCTHKU 3JIEKTPOCTATUYECKOTO
MoJIsL — HANPsDKEHHOCTh M MOoTeHIMan. Hanpspk€EHHOCTh Kak IpaJueHT MOoTeHIuania.
I'paduueckoe n300pakeHUE FIEKTPOCTATUUECKUX ToJieH. [IpuHIUI cyneprno3uiuu
nojen. Bektop anekTpocrartnyeckor MHAYKUUU. [IOTOK BEKTOpa HampsiKEHHOCTH U
IIOTOK BEKTOpPA dJIEKTPOCTATUUECKONU MHAYKIMHU. Teopema ["aycca quis dieKTpocTaTu-
yeckoro noJis. [Ipumenenue teopemsl ['aycca K pacu€ry moseil B mpoCTEHIINX CITy-
qasx.



Berunnos A.B., Bonkos A.®., JIlymnuesa T.II. Metoanueckoe nocodue no Ghusuke

Dnextpuyeckoe noJie B BeniecTBe. CBOOOAHBIE U CBSI3aHHBIE 3apsA/Ibl B JUAJIEK-
Tpukax. Tunel quaneKkTpukoB. [{usnexkTpruyeckass BOCOPUMMYUBOCTh BemlecTBa. [(u-
ANEKTpUYECKask IPOHULAEMOCTh cpelibl. CEerHeTOdIEKTPUKH.

[IpoBOgHMKM B dIEKTpUYECKOM moJie. Pacnipenenenue 3aps10B B IPOBOJHUKE.
DOneKTpOEMKOCTh YEIUHEHHOTO INPOBOJHMKA. B3anMHasg €MKOCTh JBYX NPOBOJHM-
koB. Konaencatopbl. EMKOCTh KOHIEHCATOPOB Pa3sIMYHON T€OMETPHUECKOH KOH(U-
rypainu.

OHeprus 3apsHKEHHOrO MPOBOJHHUKA, KOHIEHCATOpa. DHEPIHs 3JIEKTPOCTaTH-
yeckoro noiist. O0bEMHas MIIOTHOCTh SHEPTUH.

ITocTOSHHBIN YNEKTPUYECKUI TOK

[TocTosiHHBIN 35eKTpUYecKnd TOK. Cuiia TOKa, INIOTHOCTh TOKA. Y CIOBHUA Cy-
[IECTBOBAHUS 3JEKTPUUYECKOT0 TOKa. CTOPOHHHME CHIIbI, AJIEKTPOJBHKYIIAS CuUia,
HarnpspkeHue. 3akoH OMa B uHTerpaigbHoil u quddepennuansuoit popmax. Pa3pers-
nennsle nenu. [Ipasuna Kupxroga. ConpoTuBiieHHE U €ro 3aBUCUMOCTb OT TeMIIepa-
Typbl. CBEpXIPOBOJIUMOCTb.

PabGora u MmomtHOCTh TOKa. 3akoH J[xkoyinst — Jlenua B unrerpanbHoit u audde-
peHImanbHOM popmax.

QHCKTPOME[I“HCTI/ISM

MarnutHoe nose. MarautHas MHAyKOUSA. 3akOH Amriiepa. MarHutHoe mnoJie
Toka. 3akoH buo-Casapa-Jlamiaca u ero npuMeHEHHUE K PacyETy MAarHUTHOTO IOJIS.
MarauTtHoOe 1noJie TPSMOJUHENHOTO MPOBOJHUKA C TOKOM. MarHUTHOE MOJI€ KPyro-
BOr0 TOKa. MarHUTHBIM MOMEHT BUTKa C TOKOM. BUXpEeBON XapaKTep MarHUTHOTO
1oJisi. 3aKOH MOJIHOTO TOKa (LMPKYJISIUS BEKTOPAa MArHUTHOW WHIYKIIMH) JJIsI Mar-
HUTHOTO MOJI B BAKyyME M €ro MPUMEHEHHUE K PacCu€Ty MarHUTHOTO MOJIS TOPOUaa 1
JUTMHHOTO coJieHouaa. JlelicTBUe MarHUTHOIO TOJs Ha JABWXKyIuics 3apsa. Cuia
Jlopenua. JIBuxeHue 3apsyKEHHBIX YacTULl B MarHUTHOM noJie. Dgdekr Xosta. Kon-
Typ C TOKOM B MarHUTHOM ToJie. MarHuTHBIN NoTOK. PaboTa nepemenieHus mpoBo/I-
HHUKA U KOHTYypa ¢ TOKOM B MarHUTHOM TOJIE.

SABnenue snexrpomarHuTHOM uHAYKIMU (onbiTel Dapanest). [IpaBuno Jlenia.
3aKOH 53JIEGKTPOMarHUTHOM HMHAYKIUU. SIBIIeHHE CaMOMHAYKUUU. WHIYKTUBHOCTD.
TOKM 1py 3aMbIKaHUU Y PA3MbIKAHUU LENU. ABJICHUE B3aUMHOM MHAYyKIMH. B3anm-
Hasi UHIYKTUBHOCTb. DHEPIHsl CUCTEMbI MPOBOJHUKOB € TOKOM. OObEMHAas MIIOT-
HOCTb YHEPTUU MATHUTHOTO TOJISI.

MarauTtHoe nosie B BeniecTse. MarHuTHble MOMEHTBI ATOMOB. THIIBI MarHeTu-
koB. HamaramueHHOCTh. MUKpPO- 1 MAKPOTOKH. DJIEMEHTapHas T€OpHUs IHa- U mapa-
MarHetTusmMa. MaruuTHasi BOCIPUUMYHUBOCTh BEIIECTBA U €€ 3aBUCUMOCTh OT TEMIIE-
parypbl. Hanpsok€HHOCTP MAarHUTHOrO noJissi. MarHuTHas IPOHULIAEMOCTH CPEIBbI.
®eppomarnetnku. Kpuasg HamaranuuBanus. MarautHeii ructepesuc. Touka Kropmn.
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Mexanndeckue KoneOaHusi ¥ BOJHBI B YIIPYTUX Cpeliax

["apMonnyeckue mexaHuueckue kosiebanusi. Kunemarnueckue xapaKkTepuCTH-
KU TapMOHUYECKUX KosieOaHui. JuddepeHnuanbHoe ypaBHEHHE TapMOHHYECKHX
koneOanuid. [IpyxuHHbIi, HU3NUECKU U MaTEMAaTUYECKUA MasSTHUKU. DHEPrus rap-
MOHHYECKUX KoyiebaHui. Clio)keHne rapMOHMYECKUX KoJeOaHU OJIHOTO HarpabJe-
HUS U OJIMHAKOBOW 4acTOThl. buenus. CrnoxeHue B3aUMHO-NIEPIECHAUKYJIIPHBIX KO-
nebanuil. ludpdepeHumanpbHoe ypaBHEHHE 3aTyXarOIUX KOJIeOaHUN U €ro peleHue.
XapakTepUCTUKU 3aTyXarolux KosuebaHuil. Anepuonndeckuii npouecc. Judpdepen-
[[MAJIbHOE ypaBHEHUE BBIHYXKICHHBIX KOJICOAHUM M €ro pelieHue. AMIUIMTYAa CMe-
mieHus ¥ ¢Ga3a BeIHYKJICHHBIX KosieOanuid. [lonsTue o pezonance.

BonHoBble mpoueccel. Mexanu3M o0pa3oBaHUsS MEXaHWYECKUX BOJIH B yHpy-
roil cpene. [IpononbHbie U onepeuHbie BOAHBL. CHHYcOUaNIbHbIE (TApMOHUYECKHUE)
BOJIHBI. YpaBHEeHHE Oeryuiedl BoJiHbL. [[nvHa BOJHBI M BOJIHOBOE uucio. BoiaHoBoOE
ypaBHeHue. Pa3oBasi CKOPOCTb. DHEprusi BoJH. [lepeHoc sHeprum BosiHOU. BekTop
Ywmoga. [IpuHuun cynepno3uiyv BOJH U TPAHULBI €r0 MPUMEHUMOCTU. BomHOBOM
naket. I'pynnoBas ckopocts. KorepentHocts. MuTepdepenuus Bonn. OOpazoBanue
CTOSYMX BOJIH. YPAaBHEHUE CTOSIYEN BOJIHBI U €TI0 aHAJIN3S.

9JI€KTpOMaFHI/ITHBIC KOJICOAHMS U BOJTHBI

["apMoHMYeCcKrEe PIEKTPOMArHUTHBIE KOJICOAHUS U UX XapakTepucTuku. ud-
dbepeHImanbHOe YPAaBHEHHE AJIEKTPOMArHUTHBIX KOJI€OaHUN. DJIESKTPUUECKUN KOJIe-
OaTenbHBIN KOHTYP. DHEpPrusl 3JIEKTPOMAarHUTHBIX KosieOanuii. J(uddepennuanpHoe
ypaBHEHHUE 3aTyXarolIMX SJIEKTPOMArHUTHBIX KojeOanuii u ero pemenue. udde-
pEHITMATBHOE YPAaBHCHUE BBIHYKICHHBIX KOJICOAHWA M €T0 pelieHne. AMIUTUTYAa U
¢a3a BEIHY X ICHHBIX KoeOanuii. Pe3onanc B koie0aTeIbHOM KOHTYPE.

DnexTpoMarHuTHBIE BONHBL. JuddepeHnuanbHoe ypaBHEHNE AIEKTPOMAarHUT-
HOW BOJHBL. MOHOXpoMaTndeckasi BojdHa. OCHOBHBIE CBOMCTBA AJEKTPOMArHUTHBIX
BoJyiH. Illkana 3MeKTpOMAarHUTHBIX BOJH. DHEPIHs 3JIEKTPOMAarHUTHBIX BOJH. [ToTok
sHepruu. Bexkrop YmoBa—-IloliHTHHra. B3auMonencTBrue 31€KTPOMarHuTHbIX BOJIH C
BeniecTBoOM. OTpaxkeHue, MpesoMIICHHE, MOTJIOICHHE, JaBJICHUE U TUCIIEPCUsT DJIEK-
TPOMArHUTHBIX BOJIH.

FGOMeTpI/I‘-IeCKaH K BOJIHOBAsA OIITHKA

I'eomeTrpuueckas onrtuka. [IpsMoauMHEHOE paclpoOCTpaHEHUE CBETA. 3aKOHBI
oTpakeHus u npenomiieHus cseta. [lonnoe orpaxkenue. [lonsitue o poromerpuu.

Bonnosas ontuka. Uutepdepeniust ceeta. KorepeHTHOCT, 1 MOHOXpOMATHY-
HOCTb CBETOBBIX BOJIH. PacuéT mHTEpPEpEeHIIMOHHON KapTUHBI OT JBYX KOI'€pEHTHBIX
UCTOYHUKOB. OnTuyeckas niuHa myTH. MHTepdepeHnrs cBeTa B TOHKUX IJICHKAX.
HNurepdepomerpsl.

Hudpakuus cera. [lpunuun I'toiirenca—®@penens. Meron 3o @penens. u-
bpakuus Opaynrodepa Ha OHOH EAU U TUPpaKIUOHHON pemérke. Pa3pematomas
CIIOCOOHOCTh ONTHYECKUX MpuOopoB. udpakuus peHTreHoBckux ydeit. dopmyia
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Bynbspa—bperra. PeHTreHOCTpYKTYpHBI U pPEHTTeHOCHEKTpalbHbld aHanu3. Mccie-
JNIOBAaHHUE CTPYKTYPBI KPUCTAILIOB.

[Tonspuzanus ceeta. ECTeCTBEHHBIN U MOJISPU30BaHHBIN CBET. 3aK0OH Maioca.
[Tongpuzanus cBera npu oTpakeHuu. 3akoH bproctepa. [[BoitHOE TydyenpeaoMIeHHUE.
Asnenne nuxpousma. [lomsapounsl. OnHOOCHBIE KpUcTaiLIbl. MICKyccTBEHHas ONTH-
yeckas aHuzotponus. Dpdext Keppa. HkeHepHble TPUMEHEHNUS MOJSIPU3ALIUN CBE-
Ta.

KBanToBas npuponaa usiryueHus

TennoBoe wu3nmyueHue. AOcomoTHO uépHoe Teno. 3akoH Kupxroda. 3akoH
Credana—bonbimana. Pacnpenenenne 3HEPTUM B CIIEKTPE a0COIIOTHO YEPHOTO Tea.
3akoH cmemienne Buna. KBanroBas runoresa u popmyna [lnanka. Onrtuyeckas nu-
pometrpusi. Baemnauit hotoaddext u ero 3akonbl. DoToHbl. YpaBHeHUE DMHIITEHHA
st BHemHero goroaddexkra. Macca u ummynbc dotona. [{aBnenue cera. OnbIThI
JlebeneBa. KBanToBO€ 1 BOITHOBOE OOBsICHEHUS AaBieHus cBeta. Dpdext Komnrona
U ero teopus. J[MaJeKTUYECKOE €IMHCTBO KOPITYCKYJIIPHBIX W BOJHOBBIX CBOMCTB
AIEKTPOMArHUTHOTO U3TyUYCHHS.

DneMeHThl aTOMHOM (PU3UKU U KBAHTOBOW MEXaHUKH

OmnbITHOE 000CHOBaHHE KOPIYCKYJISIPHO-BOJHOBOTO Tyajlu3Ma CBOICTB Bellle-
ctBa. @opmyna ge bpoiinsa. CooTHOILIEHHE HEONPENEIEHHOCTEM KakK MPOSIBICHHE
KOPIYCKYJIIPHO-BOJTHOBOTO Jyajiu3Ma CBOMCTB BemiecTBa. BoiHoBas yHkius u eé
cTaTuCTUUeCKui cMmbici. CranmoHapHble cocTosiHUS. YpaBHenue lllpénunrepa s
CTalMOHAPHBIX cocTosAHMI. CBoOoaHas yactuua. Yactuima B OJHOMEPHOW HpsIMO-
YIOJIbHOM «IOTEHUHAIBHON» ssMe. KBaHTOBaHWE SHEPTUH U UMITYJIbCa YacTULbL. [1o-
HATHE O JJUHEHHOM FapMOHMYECKOM OCHULIATOpPE. ATOM Bojoposa. I'maBHoe, opOu-
TaJbHOE U MarHUTHOE KBAHTOBBIC YUCJIA.

Onerr repna u I'epnaxa. CrimH snexktpoHa. CIMHOBOE KBAHTOBOE YHUCIIO.
[Ipunuun ITaynu. Pacnipenenenue 351eKTpOHOB B aTOMe 1O cocTOsAHUSIM. [ToHsiTHE 00
SHEPreTUYECKUX YPOBHSX MoJieKysl. CHekTpel aToMOB U MoJiekyi. llormomenwue,
CIIOHTAHHOE U BBIHYXIEHHOE u3iyueHus. [lonarue o nazepe.

DnemeHThl PU3KUKHN TBEPIOTO TEIA

Omnpenenenve u kinaccudukanus TBEPABIX Teld. AMop(]HBIE U KpUCTAILTHYE-
ckue Tena. MexxaroMmuble cBa3u. Ou3znueckue TUNIbl KPUCTAIMYECKUX peEToK. Jle-
(eKThl KPUCTAIIIOB.

DHepreTuyecKre 30HbI B KpUcTaliax. Pacnpenenenue 3J1€KTpOHOB MO dHEpre-
THUYECKUM 30HaM. BasieHTHas 30Ha ¥ 30Ha NPOBOAUMOCTH. MeTailbl, TUAIIEKTPUKU U
MOJIYITPOBOJHUKH. DIIEKTPOHBI MMPOBOJAUMOCTH U ABIPKU. DPdeKkTUuBHAS Macca DJIeK-
TPOHA B KpHUCTaIe. DJIEKTPONPOBOAHOCTh MeTaioB. CoOCTBEHHAs: MPOBOJUMOCTD
MOJIYIPOBOJHUKOB U €€ 3aBUCUMOCTh OT TeMrepaTypsl. [IpuMmecHas npoBoarMMOCTb
MOJTYTPOBOTHUKOB. DJIEKTPOHHBIE U JBIPOYHBIC MOTYIPOBOJIHUKU. DIEKTPOIPOBO/I-
HOCTb JIM3JIEKTPUKOB.
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Konraktasie sBneHus. Paborta Beixoma. BHeNmHsS M BHYTpPEHHSST KOHTaKTHAS
Pa3HOCTh MOTEHUUANIOB. TepMOdJIeKTpUUecKue sBi€HUA. KOHTAaKT 3JIEKTPOHHOTO U
JIBIPOYHOTO MOJYNPOBOAHMKA (P—N-TIEpEX0/1) U €ro BOJIbT-aMIIepHAasl XapaKTepPUCTH-
ka. POTOANEKTPUUECKHUE SIBJICHUS B MOIYITPOBOIHUKAX.

DnemMeHTHI PU3UKH aTOMHOTO sIpa

3apsn, pa3Mep U Macca aTOMHOro sapa. MaccoBoe u 3apsaaoBoe uncia. Cocras
aapa. Hykmnonsl. B3anmozencTBue HYKIIOHOB, CBOMCTBA M NIPUPOAA SAIECPHBIX CHUIL.
JledekT maccel M SHEPrus CBSA3M sAApa. 3aKOHOMEPHOCTH anbda-, OeTa- U ramma-
U3JIy4eHUN aTOMHBIX saep. SnepHble peakuuu. PagnoakTUBHOCTH, 3aKOH paguoak-
TUBHOIO pacnaja. Mcrnoiab30BaHue sBICHUS paJHOaKTUBHOCTH. ETMHUIBI U3MEPEHU
VOHU3UPYIOIUX U3nydeHul. Du3nka A1epHOro peakropa.

1.2. ITpaBuiia ogpopmMieHUsI KOHTPOJIbHOM PadoThI

1. 3a Bpemst u3yueHus Kypca oOIIell (U3UKU CTYIAEHT [IOJDKEH BBINOJHUTH KOH-

TPOJIbHYIO PabOTy B COOTBETCTBHH C IJIAHOM CBOEH CIIEIIMAIbHOCTH.

Howmep BapmanTa COOTBETCTBYET MOCaeAHEH UG pe B 3a4ETHON KHIKKE CTY/ICHTA.

3. KoHTpoJgbHasi paboTa BBITIOITHSASTCS B OTAE€JAbHOM IIKOJIHHON TETpaau U MOAIH-
CBIBAETCS TIO CIEAYIOIIEMY 00pasIry:

N

KontpomawsHas paboTa o gpusuke
ctyaeHTa rpymmsl AbB3-16
3ao4yHoro ¢akynprera JoHHTY
®amunusa N.0.

[Mudp (Ne 3a4€THON KHIKKH)

4. B teTpaapb BKIAJILIBACTCS JIUCT PELICH3UH, TTOANUCAHHBIN 110 00pa3iy:

Periensust Ha KOHTPOJIBHYIO pabOTy 1O GUHKE
crynenTa rpynnsl AbB3-16
3ao4yHoro ¢akynprera JoHHTY

®amunusa N.0.
[Mudp (Ne 3a4€THON KHUXKKH)

5. Pemenue 3agay opopmisieTCss B COOTBETCTBUU C METOJMYECKUMH YKa3aHUSIMH K
pemienuto 3aaad (cM. m. 1.3). [Ins 3amedanuii mperojaBaTessi MOCJe pElIeHUs
KQ)KJIOM 3a/1a4U OCTaBJISITh MECTO.

6. Ecau xonTposibHas paboTa HE 3ayTeHA, TO CTYACHT JOJDKEH BBIMIOJHUTH UCIIPAB-
JICHHS B TOU )K€ TETPAJU U NMPEACTABUTH €€ Ha TOBTOPHYIO ITPOBEPKY.

7. Cpok cmaud KOHTPOJBHBIX pabOT ompeensercss yaeOHO-METOINYECKUM TUTAaHOM
CIICLIUAJIbHOCTH.

8. 3auTéHHBIC KOHTPOJBHBIC PAOOTHI XpAaHATCS B apXuBe Kadeapsl M CTyJIEeHTaM HE
BO3BPAILIAIOTCS.
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1.3. MeToan4yeckne yka3aHus K pelieHHIO 3a/1a4

[Ipexxie yeM mpUCTYNUTh K PEIICHUIO 337ad Kakoro-inubo pasnena, HeoO0Xo-
IUMO MpopaboTaTh TEOPHUIO MO 3TOMY pasneny. be3 3HaHUS Teopuu Heb3sl paccyu-
THIBATh HA YCIICIITHOE PEIICHHE JaKe MPOCTHIX 3a7a4d. B pemennn 6oabmmHcTBa Bu-
3UYECKHX 3a/1a4 PACYETHOTO XapaKTepa MOKHO BBIAEIUTh YETHIPE OCHOBHBIX ATaIa:

1) ananu3 ycnoBus 3aa4u, B KOTOPOM HEOOXOAMMO JaTh CXEMY WJIU YEPTEK,
MOSICHAIONTUHN €€ cofepkaHue (B TeX ClIydasix, KOrja 3TO BO3MOYKHO);

2) cocraBiieHHWE YpaBHEHUH, CBS3BIBAIOIUX (HU3UUECKUE BEITUYMHBI, XapaKTe-
PHU3YIOIINE PACCMATPUBAEMOE SIBJIEHUE C KOJTMYECTBEHHOW CTOPOHBI;

3) pellieHre OTyYEeHHBIX YPaBHEHUM OTHOCUTEIHHO TOM WU MHOW BEJIUYUHBI,
CUMTAIOIIECHCS B TaHHOM 3aJ1aue HEU3BECTHOM;

4) yrcneHHBIA PacUET M aHAIM3 TOJIYYSHHOIO pe3yJibTaTa.

Pexomenayem Bam mipu pemieHnu 3a1ad nNpuepKUBaThCS CIEAYIOMIEH TOCHe-
JIOBATENBHOCTH JIEICTBUM.

1. TToJIHOCTBIO 3aMUIIMTE YCIOBHE 3aa4H.

2. CnenaliTe KpaTKyIO 3alMCh YCIIOBUS, BEIpa3uTe Bce AJaHHBIC B equnuiax CU.

3. BrimonauTe cxemarnueckuii 4epTéx (rIe 3T0 BOZMOMXKHO), OTPAKAIOIINMA yCIIO0-
BUS 3371a4U U UJCK0 €€ PEIICHUS.

4. 3anummute GOpMyJibl, BeIpaxaroniue GU3NUecKUue 3aKOHbI, TPUMEHEHUE KOTO-
PBIX HEOOXOAMMO JUIsl PeIeHUs 3a/add BBIOpaHHBIM criocoOoM. CompoBOXK-
NaiTe pelleHue 3a7audl KpPaTKUMH, HO HCUEPIbIBAIOIIMMU MOsSCHEHUsIMU. B
pe3yibTaTe NOJYyUYUTCS OJHO WIIM HECKOJIbKO YPaBHEHUMN, BKIIIOYAIOIINX B CEOs
KaK 3a/IaHHbIC, TAK U HEU3BECTHBIC BEJIMUYUHBI.

5. [Ipexne yem pemiaTh COCTaBIECHHYIO CUCTEMY ypaBHEHHH, yOeIUTeCh B TOM,
YTO YKCIIO HEM3BECTHBIX PaBHO YUCITY YpaBHEHHI, WHa4ye cucrema He OyaeT
UMETh ONPECTICHHOTO PELICHHUS.

Kak npaBuio, pemars 3a7ady ciieyeT B OOIIEM BHUJIE, T.€. HAJ0 BBIPA3UTH UC-
KOMYIO BEJIMYMHY B OYKBEHHBIX 0003HAUEHUSX BEIIMYWH, 3a/IaHHBIX B YCIOBUU 3a/1a-
Yu U B3ATHIX U3 Tabmwmil. [lomyuuB oTBeT B BHiE anredOpandeckoil (GopMysbl Wiu
ypaBHEHUSI, POBEPhTE, MAET JIM TONyYeHHAs (opMyra €IUHUILY H3MEPEHHUS HCKO-
MOU BenuuuHbl. Eciu mpu mpoBepke €IMHHUIA W3MEPEHUS MCKOMOM BEJIMYMUHBI HE
MOJIy4aeTcsi, TO 3TO O3HAYAET, YTO B PEIICHUM AOIyIIeHa oImuOKa. YOenuBIINCH B
MPAaBUJIBHOCTH HAMMEHOBAHUSI MUCKOMOM BEJMYMHBI HYXKHO IMOJCTAaBUTh B OKOHYA-
TeNbHYI0 (POPMYITy YUCIIOBBIE JaHHBIC, BEIPAKEHHbBIE B €MHUIIAX OJHOM CUCTEMBI.

Beruncnenust no pacu€tHoil (popmylie Hal0 MPOBOJIUTH C COOJIOJEHUEM Ipa-
BUJI MPpUOIMOKEHHBIX BhIUMCICHUN. Kak mpaBuiio, OKOHYaTEIbHBIA OTBET CIEIyET 3a-
IIMCHIBAaTh KaK MPOM3BEJCHNUE NECATHIHOU IpoOU ¢ OJHOM 3HavaIei mudpoit nepen
3amsATOM Ha COOTBETCTBYIOILIYIO CTeneHb AecsaTtu. Hanpumep, BMecto 3520 Hago 3a-
McaTh 3,52-103, a Bmecto 0,0000129 3anmcats 1,29-107 u T.1.

[Tpumepsl pereHus 3aga4 Bel MokeTe HAMTH B METOIMYECKUX MOcoOusx [3,4],
CIIMCOK KOTOPBIX IPUBEEH B paszzene « PekoMeHnyemas ureparypay.
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1.4. ITocTpoenue rpagukon

OdeHb BaXHBIM METOZOM OOPaOOTKHU PE3yIbTaTOB OMBITA SIBISIETCS MPEICTaB-
JeHue ux B Buie rpaduka. ['paduku garoT MeHee TOYHOE, HO O0Jiee HarJSIIHOE Mpe/-
CTaBJICHUE O pe3yibTaTax u3MepeHud, dem Ttabnuipl. [lo rpaduky, crposmemycs
HEMOCPEJICTBEHHO BO BPEMs DKCIIEPUMEHTA, OYEHb yI0OHO CICAUTH 32 €ro XOJ0M U
BBISBIIAITH MpoMaxH. [Ipu moctpoeHnu rpaikoB HEOOXOIUMO MPUACPIKUBATHCS CIIe-
TYFOIINX TIPaBUI:

1. I'paduku BHIMOMHSAIOTCS HA MUJUTUMETPOBOM Oymare wiu 000N Ipyroi
OyMmare, UMEIOLIEH KOOPIMHATHYIO CETKY, pa3MEepOM He OoJjiee TeTpaHOro JIUCTA.

2. BriOpatp Macmitad mo ocsiM KoopauHat. Maciita® BeIOMparOT TaKuM 00pa-
30M, 4TOOBI rpauk He OBLI CXAaT WM PACTAHYT BIOJIb OJHOM W3 oceil. Kpusbie
JOJKHBI 3aHUMATh BCE TOJIE YepTekKa. 3a €MUHUIY MaciiTada pa3yMHO MPUHUMATH
YKClia, COOTBETCTBYIOIME 1, 2, 5 eNUHUIIAM OTKJIaJIbIBAEMON BEITUYHMHBI, WU KpaT-
HBIM H JIOJIbHBIM WM.

3. Ilo ocu opJIMHAT OTKJIABIBAIOT 3HaYEHUE (PYHKIUH, 10 OcH abcuucc — 3Ha-
yeHue apryMeHTta. Hadamo otcuéra He 00si3aTenbHO coBMeENaTh ¢ HyJeM. Ha ocsx
KOOPJIMHAT HAHOCST METKH dYepe3 paBHbIC MPOMEXYTKH. OKOJIO Ocell KOOpAMHAT
(creBa ¥ BHM3Y) HEOOXOIMMO HAMMCAaTh 0003HAYCHUS BEIMYUH U SIUHUIBI UX U3ME-
penust. [lonyuennvie 6 sIKCnepumenme 3HAYEHUs BETUYUH OMKAAOLIBAMb HA OCAX KO-
opouHam Henvb3s! DKCIepUMEHTaIbHbIE TOYKA HAHOCSATCS HA YEepPTEkKE B BUAE YCIOB-
HBIX 3HAKOB (TOYKHU, KPY>KOUKU, KBJAPATUKH, KPECTUKH U T.1I.).

4. Kak mpaBuiio, 3aBUCUMOCTH OJHHUX (DU3UYECKUX BEIMYHUH OT APYTHX — ITO
rIajKue, MaBHbIe JIMHUHU, 0€3 Pe3KUX U3JIOMOB. DKCIEPUMEHTATbHbIC TOYKH BCIIE-
CTBUE MOTPEUIHOCTEM W3MEPEHHUHN HE JIOKATCS Ha TJIaJIKUE KPUBBIE 3aBUCHUMOCTEU
bu3MUeCcKNX BEJIUYHH, a TPYIIUPYIOTCS BOKPYT HUX CIydailHbIM oOpa3om. [lorTtomy
HE CJIeAyeT COSAUHATh COCEHHIE IKCIIEPUMEHTAIbHBIE TOYKU Ha TpaduKe OTpe3KaMu
OpsIMOM U TOJy4aTh, TaKUM 00pa3oM, HEKOTOPYIO JOMaHyio nuHHI0. KpuByio Ha
rpaduke MPOBOIAT TaK, YTOOBI OHA JieXkKasla BO3MOKHO OJIIDKE K SKCTIEPUMEHTATBHBIM
TOYKaM, U 4TOOBI MO 00€ €€ CTOPOHBI OKAa3bIBAJIIOCH MPUOIUZUTENBHO OJIMHAKOBOE
KOJIMYECTBO TOYEK.

5. I'magkue KpuBBIE, COOTBETCTBYIONINE IKCIIEPUMEHTAIBHBIM TOYKaM, TIPOBO-
JST C TIOMOIIBIO TUHEHKHY WK Jekana. Ecimu nMeeTcss HECKOJIBKO KPUBBIX, TO KaXKI0M
KpUBOI MPHCBaMBaEeTCsI HOMEP, a HAa CBOOOJHOM IIOJIe YepTeka YKa3bIBAIOT Ha3Ba-
HUE, 0003HAYECHHME, COOTBETCTBYIOIIEE ITOMY HOMepy. Kaxkmwiii rpaduk momkeH
UMETh HOMEP U HAMMEHOBAaHHE, KOTOPOE OTPaXKAaET OCHOBHOE CoJiepkaHue rpaduka.

PaccmoTpum mocTpoenue rpaduka Ha MpUMEpPE HUCCIEIOBAHUS 3aBUCHUMOCTH

COTNIPOTHBIICHUSI METAIIJIOB OT TeMIIepaTyphl. Pe3ynbTaThl H3MEpEHHI TpeICcTaBICHbI
B Ta0Jmme 1.
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Tabmuna 1

t,°C 20 30 40 50 60 70 80 90 100

R,Om | 100,82 101,10 |101,86|101,84 | 102,42 102,75 | 102,96 | 103,43 | 103,84

Macmtab rpaduka BbIOpaH Tak, 4TOObI MOJTYYUTh IPUMEPHO paBHBIE pa3MeEPbI

R, Om [0 JJIMHE U BBICOTE. DKCIEPUMEHTANb-
104 , HbIE TOYKM OTMEUYEHBl KpecTHuKamu (+).
[ Teopernueckass 3aBUCHUMOCTb CONPOTHB-

103 JICHUS METAJJIOB OT TeMIEpaTyphbl OIU-
¥ ceiBaeTcs  ypaBHemmem: R = Ry(Ll+at).

102 /"7 DT0 oO3Ha4yaeT, 4To TrpaduK JOJDKEH
14 UMETh BUJ NpsAMon iuHuH. PaccMmotpe-

HUE PE3yJIbTaTOB IOKa3bIBACT, YTO MpPHU

101 3 temreparype 40°C BenuunHa CONMPOTHB-
Z JIeHHsI, TIO-BUJUMOMY, HM3MepeHa HEeBep-

100 tC yo. DTy TOYKY CIEIyeT IEePEeMEPHTD.
20 40 60 80 100 OcTtanpHble TOYKH JOCTATOYHO XOPOIIO
Pucynox 1 J0KaTCs Ha MPSAMYIO, U300paKEHHYIO Ha

puc. 1. IIpoBoauTh NpsAMYIO CIEAYET TAK,
9YTOOBI OHA JIeXKada BO3MOXKHO OJIMKE K TOYKAM U YTOOBI 10 00e €€ CTOpPOHBI OKa3a-
J0Ch MPUOJIU3UTENIBHO pPaBHOE MX KOJIMYECTBO. Henb3s TOUKH COeAMHSATH JTOMaHOM
auHuEn!
He Bcerna teopetnyeckas 3aBUCUMOCTh UMEET BUJ Npsimou. Hanpumep, 3aBu-
CUMOCTh IIyTH S TeJa, KOTOPOE JIBIKETCS paBHOYCKOPEHHO, OT BpemeHu t (ripu ycio-
BUH, YTO HAYaJIbHASI CKOPOCTH Tesa Up=() OMUCHIBACTCS YPABHEHHUEM:

2
g-a”
2
Pe3ynbraTel ©3MEepeHui IpeICTaBIeHbl B TabIuLe 2.
Tabnuua 2
S, cm 20 25 30 35 40 45

t, c 2,02 2,20 2,45 2,70 2,87 2,97
t2/2, c? 2,04 2,43 3,00 3,65 4,12 4,41

Ecnu n300pa3uth pe3ynbTaThl ONbIiTa Ha rpaduke, Mo 0CIM KOTOPOTO OTIIOXKe-
HBl S U 1, TO TOYKM pacHoONOKaTCS BOKPYT Mapaloiibl, IPOBECTH KOTOPYIO HA TJa3
oueHb TpyAHO. [losTOMYy sydiie mo ocu abcuuce (0CU X) OTIOXKUTH HE BpeMs i, a Be-

JUYVHY t2 / 2; a o ocu opauHat (ocu Y) — myTh S. [Ipr 3TOM TOYKH Pacroyioxarcs

OKOJIO MPSMOM JIMHUU, KOTOPYIO HETPYAHO MPOBECTU HA TJIa3 ¢ JOCTATOYHOWU TOYHO-
CThIO (pHC. 2).
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Berunnos A.B., Boakos A.®., JIymmuesa T.I1.

S,em

45

40
35

30

25

20 ==

15

10
1,0

2,0 3,0

Pucynox 2

4,0

N3 mnoitydeHHBIX JaHHBIX
MOYHO OIPEIEINUTh YCKOPEHHUE A,
C KOTOPBIM JIBUTAJIOCH TENO. Eciu

S
/2
TO JJOCTATOYHO B35ITh U3 TAOJMIIBI
nro0yto napy 3HaueHuit S u t. On-
HAaKO KaXXJ0€ U3MEPEHUE IMPOBO-
JAJIOCh C KAaKOM-TO MOTrPELIHO-
CTBIO, IIOOTOMY HMCKOMOE€ 3Haue-
HUE YCKOPEHUSA a JOJDKHO YYH-
THIBATh HE KAKOE-TO OJHO H3Me-
pEHHE, a BCO COBOKYIHOCTb JIaH-
HbIX. DTO MOXHO CHAenaTh C IOo-
Motnbto rpadguka. Kak ciemyer u3
(GopMyJibl, YCKOpPEHUE YHCIECHHO

UCXOUTh U3 GOpMYJIbI a =

PaBHO TaHTEHCY yTiia HaKJIOHa MpsiMoii. BeiGepem mpou3BosibHO Ha Tpaduke 3Haye-

HUE t12 / 2 ¥ HaiiJieM COOTBETCTBYIOIIEE €My 3HAYCHHE S;1. 3aTEM TaKKe MPOU3BOJILHO

BBIOMpaeM t22 / 2 v HaxoauM S,. U3 rpaduka BuHO, UTO

2 2
s rpaduka, n300paxEHHOTO Ha pUC. 2, %=2 ¢?, $1=19 cm; %=4 c¢?, S,=40 cm.

40-19
A=——7—

=105 cm/c? .

Meton ompenencHuss GU3MUSCKUX BEIUYHMH 0 TAHTEGHCY YIJIa HAKJIOHA Tps-
MOW OYEHBb YaCTO MCIOJIb3YIOT MPH MPOBeIeHUH 3KcnepuMeHToB. ObOpamaem Barre
BHUMAaHHE Ha TO, YTO HEJB3S U3MEPATHh yroJl TPAHCIIOPTHPOM, a 3aTEM OIPEACIsATh
TAHTEHC yTja, Tak KaK B 3TOM Clydae 3HAUCHHUE BEJIWYUHBI OYJET 3aBUCETh OT BHI-
OpanHoro Bamu macira0a.
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Berunnos A.B., Bonkos A.®., JIlymnuesa T.II. Metoanueckoe nocodue no Ghusuke

PA3JIEJI 2. METOANYECKHUE MATEPHUAJIbBI

2.1 OcHoBbl MexaHukHu. MoJiekyJIsspHasi (U3HKA U TEPMOJIUHAMHUKA
2.1.1 OcHoBHBIE pOpMYJIbI
Kunemamuxa

CKOpOCTh ¥ YCKOPEHHE Teja MPHU MPSIMOJIMHEHHOM JIBIYKEHUH B 00IIEM ciIydae
onpenenstorcs GopmynamMu

dx dv  d?x
v=—o0, a=—=——,

dt dt  dt?

B cnyqae HpHMOJ’IHHGﬁHOFO paBHOMepHOFO JABHUXCHUA
v:%:const, S=7ut a=0.

B ciIydac HpﬂMOJ’IHHGﬁHOFO PaBHOIICPCMCHHOI'O IBHUIKCHUA
2

at
v="0y +at, S:vot+7, a=const.

[Ipu KpUBOJIMHENHOM JIBUYKEHUU MTOJTHOE YCKOPEHUE

a=a, +4a, azw/a12+an2,

rie a,— TaHIeHIUAIBHOE (KacaTelbHOE YCKOPEHHE), a,— HOPMaJIbHOE (LIEHTPOCTpE-
MUTEIBHOE) YCKOPEHUE.

a_ = @ a UZ

Todt " R

IJIe U — CKOPOCTh JIBWXKCHHSI, R — paqnyc KpUBU3HBI TPACKTOPUHU B JAHHOHM TOYKE.

[Ipu BpamaTebHOM JBHKEHUU B OOIIEM Cllydyae YrioBasi CKOPOCTh U YTIIOBOE
YCKOPEHHE HaXOAsTCs Mo hopmyiam

do do d2%p
®=—,
dt dt  dt?

rie de — yriioBoe nepemMerieHue.
B cityyae paBHOMEpPHOTO BpalllaTeIbHOTO ABUKEHHUS YTI0Bask CKOPOCTh

03:9:27[

— =27n,
t T

rae T — nepuoJ BpaleHusi, N — 4acToTa BpalllCHHUS.
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Meroaunyeckoe nocodue no husuxe Berunnos A.B., Boakos A.®., Jlymnuesa T.I1.

VYrII0Basi CKOPOCTh ® U JIMHECHHAs CKOPOCTh U CBSA3aHbI COOTHOIIICHUEM
v=0oR.

TaHFCHHI/IaJIBHOC U HOPMAJIBHOC YCKOPCHHA IIPpU BpPAIIATCIBbHOM AIBUXCHUU
MOI'yT OBITH BBIPA’KCHBI B BUJIC

a.=cR, an:anR.

T
Jlunamuka

Nmritynbe (KOJIMYECTBO JBMXKEHMS) MATEpUATIbHOM TOYKHM Maccod M, JABUXKY-
LIEKCS CO CKOPOCTBIO U,

p=mo
Bropoii 3akon HeroToHa
g_dp
dt

—

rae F — pesynbTupytomas cuil, JeUCTBYIOIIMX HA MaTEPUATbLHYIO TOUKY.
Ecnu macca Tena m mocTosiHHa, TO

—

rae d — yCKopeHue, KoTopoe mproOperaeT Tejo Maccoi M 1o AecTBUEeM CHlbl F .
3aKOH COXPAaHEHUS UMITYJIbCa

Z

n —

Z p; = const, ecnu > Fk =0
i=1 k=1

PaGota, coBepiraemasi nepeMeHHOM CUITOM
A= _[ F(r)cosadr,
L

r7ie UHTETPUPOBAHUE BEACTCS BJOJb TPAEKTOpUU, 0003HAYaeMOi L.
PaGoTa, coBepriaemasi TOCTOSSHHOW CHUIION
A=FScosa,
TJIe 0L — YTOJI MEX/Ty HApaBICHUSIMH CHITBI U TICPEMEIIICHHS.
MrHoBeHHast MOIITHOCTH

dA A
N=—, N=—, N =Fovcosa.
dt t
Kunerndeckas sHeprus Teina, ABHXKYIIErocs MOCTYNaTeIbHO
2 2
mo
W, =—— mm W, -
2 2m

[ToreHumanbHas YHeprus:

a) ynpyro nehopMupOBaHHON TIPYKHHBI
kx?
W, =—,
2
rie K — )kECTKOCTh MPYKUHBI, X — a0COMIOTHAsS AedopmMariusi.
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Berunnos A.B., Bonkos A.®., JIlymnuesa T.II. Metoanueckoe nocodue no Ghusuke

0) Tena, HaxXOSIErOCs B OJTHOPOJAHOM IOJIE€ CUJIBI TSDKECTH,
W, =mgh,
rje § — yCKopeHne cBoOOIHOTO majeHus, h — BbIcoTa Tena Hal YPOBHEM, MPUHSATHIM

3a HyJIeBo# ((popmyia cripaBeanBa mpu ycinoBuu h<<R, rae R — pagnyc 3emn).
3aK0H COXPAaHECHHSI MEXaHUYECKOW SHEPTUU

W =W, +W,_ = const,

€CJIM CUCTEMA 3aMKHYTa U B HEW IEUCTBYIOT TOJIBKO KOHCEPBATUBHBIE CHUIIBI.
MowmenT M cunbl F OTHOCHUTENBHO MPOU3BOIBHON OCH BpaIlleHUS

M=FI,
rae | — miedo cuiiel, T.e. Kparyaiiiiiee pacCTOSIHHE OT MPSIMOM, BIIOJIb KOTOPO# Jieii-
CTBYET CHJIA, 1O OCH BPAILICHHUS.
MOMEHT HMHEPLMH MAaTepUAIbHOW TOYKM OTHOCHTENIBHO INPOU3BOJIBHOM OCH
BpalleHus
J=mr?,
rje M — Macca MaTepualibHON TOYKH, I' — PACCTOSIHUE OT OCU BPALIEHUS 10 TOUKHU.
MOMEHT MHEpUUH HEKOTOPBIX TEJI MAacCOM M OTHOCUTENBHO OCH Z, MIPOXOJs-
el Yepe3 HEeHTP Macc:
a) CTEp KHS JUIMHON | OTHOCHTENBEHO OCH, TIEPIIEHIUKYIIIPHOM CTEPIKHIO,
o ml?,
12
0) oOpy4a (TOHKOCTEHHOTO MWJIWHIPA) OTHOCUTEIBHO OCH, TEPICHIUKYJIISP-
HOM MJI0CKOCTH 00pyyYa (COBHAJAIONIEH C OChIO ITUIUHPA),

J =mR?,

J

rae R — paguyc o6pyua (unuHapa);

B) JIuCKa (OJHOPOJHOIO CIUIONIHOTO IMJIMHAPA) PaanycoM R OTHOCHUTENHHO
OCH, TIEPIEHANKYJISIPHON TJIOCKOCTHU JTUCKA,

mR?
J="
2
OCHOBHOﬁ 3aKOH JUHAMHWKHN BpaI]_[aTeHBHOFO JABUXCHUS
v 0L _d(,0)
2 dt dt

rac L, — o OCKIIMA MOMECHTAa MMIIYJIbCAa HAa OCh Z, M., — o OCKIUA MOMCHTA CHJI
z z s

MPUJIOKEHHBIX K TeJy, Ha OCh Z.
Ecau momenT unepuuu J = const, To

M, =J,—=J,,

I7ie € — YIJIOBOE YCKOPEHHUE, MPUOOPETEHHOE TEJIOM IO/ AcCTBHEM MOMEeHTa cuil M.
PaboTa mocTossHHOr0 MOMEHTa CHJIbI M, TEHUCTBYIOIIETO Ha BpaIAOIIeecs TEI0
A=Mo,
rJ€ (¢ — Yroj IoBopoTa Tena.
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Meroaunyeckoe nocodue no husuxe Berunnos A.B., Boakos A.®., Jlymnuesa T.I1.

MrHoBeHHas MOHOIHOCTB, pa3dBUBACMasl IIPU BpAIICHUHN TCJId

N =Mo.
Kunetnueckas 2HEpTHUs BpaIIaroOIeTrocs Tena
2
Jo
W, =——,
2

rie J — MOMEHT MHEpIIMH TeJa; () — €ro yriioBas CKOPOCTh.
3aKOH COXpPaHEHUS MOMEHTA MMITYJbCAa CHCTEMBI TEJ, BPAIIAIOIINXCS BOKPYT
HEMOABMKHOM OCH Z,

N N
> L, =Y J,;0=const,
i=1 i=1
€CJIM PE3YyJIbTUPYIOIIMI MOMEHT BHEITHUX CHJI OTHOCUTEIBHO 3TOM OCH PABEH HYIJIIO.

Monexynapno-xunemuueckas meopust u mepmoOUHAMUKA

KommuecTBO BemecTBa

N
vV=—,
Na
rae N —uuciio yactur (aToMOB, MOJIEKyJ1, HOHOB); N, — nocrostHHast Aporanpo. Mnu
m
vV=—os,
M

rae M —macca OJJHOpOJAHOTO Tena; M — MoJIsipHas Macca BEIIECTBA.
VYpaBuenue MenaeneeBa-Knanelipona (ypaBHEHUE COCTOSHUS UICAIBHOTO Ta3a)

oV =L RT = RT,
M

riae m — macca raza, M — MoJisipHasi Macca rasa, R — MoJisipHasi ra3oBasi IOCTOSIHHAS,
V — KOJINYECTBO BENIECTBA, | — TEpMOAMHAMUYECKAs TEMIIEpaTypa.

OnbBITHBIE TA30BBIE 3aKOHBI;

a) U30TEepPMUYCCKUI Tporiece (3akoH boins — Mapuotrta, T=const, m=const):

pV=const

\Y
0) nz00apubIii porecc (3akoH I'eit-JIroccaka, p=const, m=const): T = const

B) M30XOPHBIH mportecc (3akoH Ilapss, V=const, m=const): $= const
pVv

') 00beIMHEHHBIN Ta30BbIHM 3aK0H (M=CONSt): ES = const

OcHOBHOE YPaBHCHHUC KHHETUYECKON TCOPUU I'a30B

p—lm o2
3 0"'“xB
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Berunnos A.B., Bonkos A.®., JIlymnuesa T.II. Metoanueckoe nocodue no Ghusuke

rae My — Macca OHHOﬁ MOJICKYJIBI, N — KOHLICHTpaLus MOJICKYJI, 5}(3_ CpCaHAA KBA-
paTH49HasA CKOPOCTh.
CpCI[HSI}I IMOJIHAA KUHCTUYCCKAA SHCPI'HUA MOJICKYJIbI

<g>:lkT,
2

rjae | — 9Kucio cTeneHeil CBOOOIbI MOJICKYJIBI.

3aBHCUMOCTh JAaBJICHU I'a3d OT KOHOCHTpAOIUHU MOJICKYJI U TCMIICPATYPhI:

p=nkT.
CKopocTH MOJIEKYII:
_ 3kT \/SRT
Uy = = — CpeAHsisl KBaJpaTU4IHas;
m, M
_|8kT 8RT
U= = — cpeaHsis apupMeTndecKas;
Tmy M
2kT \/ 2RT
v, = = — Haubosiee BeposTHas,
Mo

rJe My — Macca OJHOW MOJIEKYJIbI, M — MOJIsipHasi Macca rasa.
VY nenpHble TEMIOEMKOCTU Ta3a MpPU MOCTOSSTHHOM 00bEME (¢y) U MOCTOSIHHOM
JaBJIeHUN (Cp)

o -1 R o, —1F2R
IVE T2 M
CBs13b MKy YACIBHOU C U MOJIIpHOH C TEMIOEMKOCTIIMHU
C= < : C=cM.
M
YpaBuenune Maiiepa:
Cp - CV = R

BHyTpeHHss sHEprus uaeaabHOro rasa

u="lgrr-TcrT.
M2 M

ITepBoe Hayamo TepMOIUHAMUKHA
Q=AU +A,

rae Q — TermioTa, coobmenHas cucreme (raszy); AU — u3MeHeHNe BHYTPEHHEH dHEP-
TUH CUCTeMBI; A — paboTa, COBEPIIICHHAs CHCTEMOM MTPOTHUB BHEITHUX CHII.
Vs
PaGoTa pacmmupenus rasa: A= J. pdV B oOmem ciydae;
Vi
A= p(V, —V,;) npu nzobapHoM mporecce;
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Meroaunyeckoe nocodue no husuxe Berunnos A.B., Boakos A.®., Jlymnuesa T.I1.

V;
A= % /?7'In72 IIpU U30TEPMUYECKOM IIPOLIECCE;
1

y-1
RT V.
A=-AU = —ECVAT i A= m Rh 1-| 1L pu anabaTHOM
M M y-1 V,
Cp
mporiecce, TJie Y = —— — IoKa3aTelb aauadaThl.
v

VYpasuenue IlyaccoHa, cBs3bIBalOIIME MapaMeTPbl UACATBHOTO Ia3a Mpu ajnua-
06aTHOM TIpoIiecce:

v-1
_ l 'Y —_—
T, (V,) V T Y
pvyzconst, 2 _| 11 ’ &: 21 ’ 2 _ &
LI\ pp Vs T Py
o . A
KoadunmenT nosesnoro aeicTBust (Ki) TEIJIOBONH MallIUHBL: 1) = 6
TepMoAMHAMUYECKUN KI1J| IAKJIIA
Q1 -Q,
nN=———,
Q

rae  Q; — Temnora, nogydeHHas pabouuM TEJIOM OT TEIIOOTAATUNKA;
Q, — TeruioTa, nepeAaHHas paboyuM TEJIOM TEIUIONPUEMHHUKY.
Tepmuueckunt kg nukia Kapao

_Q-Q T -T
T] - - )
Q T
rae T; u T, — TepMOAMHAMHYECKHE TEMIIEPaTyphl TEIIOOTIATYNKA M TEIUIONPUEM-
HUKA.
JlaBiieHHe KHUIKOCTH Ha MPOU3BOJILHOM riryOouHe h (BeIcoTE h)

p=po = pgh,

TJI€ po — AABJIEHUE HA YPOBHE MOBEPXHOCTHU KUAKOCTHU; 3HAK “+”’ COOTBETCTBYET IO-
TPYKEHUIO B )KUJKOCTh, 3HAK “‘— COOTBETCTBYET MOABEMY KHUIKOCTH 110 TpyOe.

2.1. 2 3apaum no Teme
«OcHOBBI MexaHUKHU. MoJiekyasipHast pU3NKA U TEPMOAUHAMHUKA)

3agaua 1.1. YpaBHeHue OBUKEHUS TOUYKM HMMEET BHJ, YKa3aHHBIM B TaOJIU-
ne 1.1. [lo ypaBHeHUIO onpenenuTh: 1) KOOpAUHATY X TOYKUA B HAYAJIbHBI MOMEHT
BPEMEHU; 2) HAYaJIbHYIO CKOPOCTh Uy TOUYKH; 3) YCKOpEHHE a TOYKM; 4) Hamucartb
dopmyiy 3aBucHMOCTH cKopocTH oT Bpemenu v=f(t); 5) mocTtpouts rpadux 3aBucH-
MocTh KoopauHaThl oT BpeMeHu X=f(t) u ckopoctu ot Bpemenu v=f(t) B uaTepBaIe
0 <t <tc marom At; 6) yka3aTb XapaKkTep ABHKEHUS TOUKH.
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3agaua 1.2. Koneco paguycoMm R Bpamaercss Tak, 4TO 3aBUCUMOCTb yIJa MO-
BOpOTa pajuyca Kojieca OT BpeMeHH Jaércst ypaBHeHueM ¢ = A+ Bt + Ct®. Hcronb-

3ys AaHHbIe TaOmuibl 1.2, HAWTH A TOYEK, JeXamux Ha 000/ Koseca yepes t cex
1OoCJIe Hayaja JBM)KEHUS CIIECIYIOIINE BEJIUYUHBL: 1) YIIIOBYIO CKOPOCTH; 2) JIMHEH-
HYIO CKOPOCTh; 3) yIJIOBO€ YCKOpeHUE; 4) TAaHTEHIIUAIbHOE YCKOPEHUE; 5) HOpMalb-
HOE YCKOpEHUE; 6) MOJHOE YCKOPEHHUE.

3apaua 1.3. [log neiictBuem cuibl F Teno mMaccoit m paBHOMEpPHO mepemenia-
€TCsSl 10 HAKJIOHHOHM IUIOCKOCTH JUIMHOW | B HampaBlIeHHWH, yKa3aHHOM B TaOJIHIIC.
BricoTa HakimonHo#t miiockocTu h. Haiitn KO3 GHUIIMEHT TpeHHs | Telia O TIOCKOCTb.
Hcxonuble naHHbIe TpuBeAeHb! B Tabue 1.3. [pumsats g=10 m/c,

3amaua 1.4. K 0601y 0lHOPOAHOTO JMCKa Maccoil M u paauycom R mpuiioxke-
Ha KacarenbHas cuia F. [Ipu BpalieHun Ha JUCK IEHCTBYET MOMEHT CHJI TPEHUS M.y,
Jluck Bpamiaercs ¢ yriioBbIM yckopeHueM €. Mcnonb3ys nannbie Tadaunbl 1.4, HailTu
HEJOCTAIOIIYIO BETUYUHY.

3apava 1.5. ITyns, nersmas ropu30HTAIBHO CO CKOPOCTBIO U, ONAJAET B LIap,
NOJABEUICHHBIN HA HEBECOMOM JKECTKOM CTEpIKHE, U 3aCTPEBAET B HEM. Macca mynu —
m, macca mapa — M. PaccTosiHie OT LEHTpa I1apa JI0 TOYKH mojaBeca crepxkus — . Ot
yIapa myJd CTEpXKEeHb ¢ IapoM OTKJIOHHWJICS Ha yroJ O, MOJHSBIIMCH Ha BBICOTY h.

Hcnonb3yss naHHple Tabnuubl 1.5, HaliTM HepocTallue BeaU4MHbL [IpUHATH
2
g=10 m/c".

3agaua 1.6. B xon0e 00bEMoM V HaXOaUTCS CMECh Ia30B U3BECTHOW MPUPOJIBI
(M1, M, — MosipHbIE Macchl). Y CTaHOBIJICHO, UTO IPU JABJICHHUH raza p; Macca KoJjObl
¢ ra3zoM OblJIa paBHA My, a TIPU JIABJICHUH p, cTajga M,. Haiitu MonsapHyro Maccy cme-
cu, eciu Temiieparypa raza t°C. Ucxoaublie 1aHHbIe MpUBEASHBI B Tabmuie 1.6.

3anava 1.7. /[aBneHue BOAbI B BOJOIPOBOAE Y OCHOBAHMSA 34aHUS PaBHO Do.
[Ton kakuM JTaBJICHUEM p BBIXOIMT BOJA M3 KpaHa Ha BbicoTe h oT ocHoBanus? C ka-
Ko cuioi F maBut Boja Ha orBepcTHe miomanpio S? Ha xakyro BeicoTy H Moxer
NOJHATHCS Boja B TpyOe? McxonHble JaHHbIe TPUBEAEHBI B Ta0uie 1.7.

3agaya 1.8. Mcnons3ys uncioBble JaHHBIE O MPOLIECCE, MPUBEICHHBIC B Ta0-
nuie 1.8, paccyuTarh HEAOCTAIONINE B YCIOBHH MapaMeTphl, a TaKkxke HaWTu: 1) pa-
6oty Ay, COBepIIaeMyr Ta3oM; 2) KOJUYeCTBO TeruioThl Qi,, mMepemaHHoe rasy;
3) u3MeHeHue BHYTpeHHEH sHepruu AU.

[IpuBecTu quarpammy mpoiiecca B KoopJuHatax p, V (MOxHO 6€3 COOII0IeHHS
Maciraba).
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2.1.3 TaGaauubl BApMAHTOB K 3a7a4aM 1o teme 1
Ta0nuna x 3amaue 1.1

No | YpaBHeHue T, At, X0, V0, a, Bun
n/n | aBwkeHus X(t), m c c M M/c m/c? JIBUKEHUS
1 X=-270+12t 20 2,0
2 X =-1,5t 10 1,0
3 | x=2+0,4t? 40 | 40
4 | x=1-0,2t? 30 | 30
5 X =—0,4t2 20 2,0
6 X=2+5t 50 50
7 x =150 -10t 40 4,0
8 X =400 - 0,6t 100 | 10,0
9 | x=10t +0,4t> 20 | 20
10 | x=2t—t2 15 1,5

Tabmuna x 3agaue 1.2

Ne B, C, R, t, o, v, g, a., an, a,
n/m | pag/c | pam/c’| M ¢ |pawe | wmic |pam/c®| wmic? | m/c” | wm/c’
1 5 6 0,20 | 2,5
2 3 4 0,15 15
3 7 3 0,25 | 3,0
4 2 8 0,10 | 2,0
5 3 4 0,50 | 3,0
6 1 7 0,30 15
7 4 2 0,45 | 3,0
8 1 3 050 | 25
9 5 4 025 | 15
10 2 1 0,10 | 2,0
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Tabmmna x 3amaue 1.3

No l, h, m, F, u Hampasnenue
/1 M M KT H JIBHOKCHHSI
1 1,0 0,20 0,20 1,0 BBEpX
2 1,1 0,38 0,15 0,24 BHH3
3 1,2 0,21 0,12 0,51 BBEPX
4 9,8 1,2 14,0 31,0 BHU3
5 8,0 1,4 12,5 69,6 BBEPX
6 12,8 2,0 135 381 BHU3
7 7,2 1,5 18,0 123 BBEPX
8 6,6 1,7 22,0 110 BBEPX
9 9,3 2,1 19 9,3 BBEPX
10 21,0 2,2 19,5 37 BHH3
Tabmnuma k 3agaue 1.4
Ne R, F, Mop, g, m,
n/n M H H-m pam/c® KT
1 0,3 3,6 72 10
2 0,25 140 84 12
3 0,5 200 10,0 20
4 1,2 1150 120 8,8
5 0,45 4,0 80 5
6 1,3 900 120 250
7 1,4 800 150 3,3
8 0,75 250 4,0 100
9 0,2 98,1 4,9 7,4
10 0,9 20 7,0 90
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Tabmmna x 3amaue 1.5

No m, M, v, l, a’, h,

/1 r r M/C M cM
1 3,6 3600 1,00 1,5
2 4,2 600 0,74 8,1
3 2600 550 1,57 18,4
4 8,8 3800 24 8,9
5 3,9 610 22 3,3
6 2450 480 20 9.6
7 55 3050 1,16 15
8 4,6 670 1,51 5
9 6,8 1850 470 1,49

10 1400 520 2,19 17

Tabnuua x 3agaye 1.6

Ne \z my, M2, P P2, 2 XuM. CocTaB

/1 cm® r r MM PT.CT |MM pT.cT | °C
1 300 144,26 | 143,92 742 70 22 02, N
2 260 121,67 | 121,50 750 30 17 O, H,
3 350 153,38 | 152,97 737 42 25 Ar , He
4 240 117,66 | 117,51 744 25 20 N,, H
5 270 131,44 | 131,12 740 15 32 CO,, CH,
6 310 141,83 | 141,60 748 30 19 He, CO
7 175 89,19 88,97 753 18 24 Ar, CH,
8 340 138,65| 138,52 745 50 20 SO, , H;
9 320 133,71 | 133,55 739 42 30 CO; , H;
10 340 140,84 | 140,71 750 31 18 O, He
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Tabmuna x 3amaue 1.7

Ne Do, h, S, P, F, H,
n/n aT™M M cm? ITa M
1 2,5 15 0,50

2 4,1 18 0,61

3 3,7 12 0,72

4 1,7 3 0,85

5 1,9 6 0,52

6 3,0 10 0,84

7 7,5 30 0,86

8 4,7 26 0,60

9 5,2 21 0,95

10 3,6 11 0,65

Tabnuna x 3amaue 1.8

Ne v, m, P | Vo, | t, | p2, | V2, | 1
/11 Hpotece tes MOJIb | KT klla zLM3 °C | klla ILM3 °C
1 | T=const Cl, 100 | 20 50 50
2 | p=const CO, 0,088 | 200 | 2 75

3 | T=const N, 2,0 70 | 40 35

4 | p=const He 0,010 | 100 27 77
5 | V=const | Boznyx | 0,8 100 20 60
6 | T=const O, 0,029 20 | 30 40

7 | p=const Ar 0,043 | 200 33 200
8 | V=const Ne 0,012 90 | 15 300
9 | T=const He 1,0 100 | 23 80

10 | p=const O, 1,2 20 | 100 250
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2.2 Jaekrpocratuka. IIoCTOAHHBIN TOK. DJIEKTPOMATHETH3M

2.2.1 OcHoBHBbIE (POpMYJIbI

Anexmpocmamuka
3akoH Kynona
F = 1 . q1q2 ’
47'580 er 2

rae F — cuna B3aumMoieicTBUS TOUEUHBIX 3aps/ioB (1 U (p; I' — pacCTOSTHUE MEXIY 3a-
psAlaMHy; € — QUDJIEKTPAYECKas IPOHULIAEMOCTD; £y — HICKTPUUYECKAs IIOCTOSHHAS.
HanpsokEHHOCTB JIEKTPUYECKOTO MO £ M IIOTEHIHAI

—

E-" g="n,
q q

rae W, — noTeHuanbHas 3HEprusi TOUEUHOTO MOJIOKUTEIBHOTO 3apsia (|, HaXos1e-
rocsi B JaHHOW TOYKe NoJist (IIpU YCJIOBUH, YTO MOTEHLIMAJIbHAS SHEPrus 3apsa, yaa-
JICHHOTO B O€CKOHEYHOCTh, paBHA HYJIIO).

[IpuHuun cynepno3unnu (HaJ0KEHUS1) SJIEKTPUUECKUX IMOJEH: HampsKEH-

HOCTb £ pe3ylbTUPYIOIIETO IIONS, PaBHA BEKTOPHOM (r€OMETPHYECKON) CyMMe
HaIPsHKEHHOCTEN CKIIABIBAEMBIX ITOJIEH

— N —
i=1

—

rne E;— Hanmpsok€HHOCTB B TAaHHOM TOYKE ITOJIS, CO3/IaBAEMOTO 1-M 3apsiIOM.

[ToTeHuman 3MEKTPUUYECKOrO MOJsl, CO3AaHHOTO cucTeMord N TodeuHbIX 3apsi-
JIOB paBEH alreOpanvyeckod cCymMme MOTEHIIMATIOB, CO3/1aBa€MbIX OTIEIbHBIMU 3apsi-
IamMu

N
¢= Z(Pi ,
i=1

rJie @; — MOTCHIUAJ B JAHHOW TOYKE MOJIsI, CO3[aBAEMOT0 I1-M 3apsiIoM
Hanpssk€HHOCTD E ¥ TIOTEHIIHAN (b TOJIs1, CO3aBAEMOT0 TOYECUYHBIM 3apsAI0oM (,
1 1
E_ q q

dney er?’ 4ney er’

re I — pacCTOsTHUE OT 3apsia ( A0 TOUKH, B KOTOPOH ONPENETSIOTCS HANPSHKEHHOCTD
U IIOTCHIIHAIL.
JluHerHas MIOTHOCTH 3apsijia

HOBerHOCTHaﬂ IINIOTHOCTD 3apsaaa

26
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Hanpsxk€HHOCTh  3JIEKTPOCTATUYECKOTO IMOJIsI, CO3AaBAaEMOT0 OECKOHEYHOM
IpsIMOM paBHOMEPHO 3apsDKEHHON HUTHIO MM OECKOHEYHO JJIMHHBIM LUIHHIPOM:

1 T

E= ,
2ney €r

rAe I — pacCTOSIHME OT HUTH WIHM OT UWJIMHJPA IO TOYKH, B KOTOPOIl OmNpenensercs
HaNpPsHKEHHOCTD.

Hampsx€HHOCTH MO, CO3aBaeMOT0 OECKOHEYHOW PAaBHOMEPHO 3apsHKEHHOMN
IUIOCKOCTBIO:

c
E=—.
2¢g0€

CBs3p HaHpH}KéHHOCTI/I C IIOTCHUHAJIOM:

a) E= ((Pla—(Pz) B CJIy4ae OJHOPOJIHOTO IOJIS;

d . .
0) E= —d—(P B clIydae 1moJisi, 00J1a1aloIIero MeHTPATbHOW I OCEBOM CHMMET-
r

puei.
PaGora cui nosd 1o nepeMerieHnIo 3apsia ( U3 TOUYKU C MOTEHIUAIOM ¢ B
TOUYKY C IIOTCHLIMAIIOM @,

A =0d(p; —¢3).

DIIEKTPOEMKOCTD

C= 9 mwm C= &,
[0} U
rJIc (0 — MOTCHIMAJ MPOBOJHUKA (TMPU YCIOBUH, YTO B OCCKOHEUHOCTH IOTCHITUA
IIPOBOJHUKA MPUHUMACTCS paBHBIM HYI0); U — pa3HOCTh MOTCHIMAIOB ILIACTHH
KOHJICHCATOPA.
DneKTPOEMKOCTh TUIOCKOTO KOHJICHCATOpa
C €609
d
rae S — IIoniaab MIACTUHBI (OJHOM) KOHIeHcaTopa, d — pacCTOsTHUE MEXKIY IUIACTH-
HaMU.
DneKTpOEMKOCTh OaTapen KOHIEHCATOPOB:

1 1 1 1 N1
a) —=—+—+..+——= > — [pH NOCIEJOBATEIbHOM COCANHEHUHU;

c g G Cn  inG

N
0) C=C+Cy+...+Cy=>C;, mpunapauielbHOM COEIUHEHUH,
i=1

rae N — 4uciio KoHJIeHcaTOpoB B Oartapee.

3Hepr1/151 QJICKTPUYICCKOTO ITOJIA 3aps’KCHHOI'O KOHACHCATOpA:
U Cu? ?
Wan = q2 ' Wan = 5 Wan = S_C
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OOBEMHAS IUIOTHOCTD DHEPIUU IIEKTPHUECKOTO TIOJIS:
2
eggk
W,, = —5

Tocmosannwii snexmpudeckuti mox

CuJia MoCTOSHHOTO TOKa

rae ( — 3apsan (KOJIMYeCTBO AIEKTPUYECTBA), TPOIIEAIINM Yepe3 NONEPEYHOE CEUEHNE
IIPOBOJHMKA 3a BpeMs t.
[I1OTHOCTB ANEKTPUYECKOTO TOKA

rae | —cuna Toka, S — mIomaas MONnepevyHoro CeUYeHus MPOBOIHUKA.
ConpoTuBIIeHHE OAHOPOJIHOIO TPOBOIHUKA

R=pé,
rac p - YI[GJIBHOG BHCKTpI/I‘ICCKO€ COHpOTI/IBJ'ICHI/I€ BCIIICCTBA HpOBOI[HI/IKa, | — €TI0
JJIMHA, S — IJ1oaJb IMOIepeYHOro CCYCHUA IIPOBOAHUKA.
SHGKTpI/ILIGCKa}I MMpOBOANMOCTD G IMPOBOAHMKA W YACJIbHAsA 3JICKTPHUYCCKAA
HpOBO,Z[HMOCTB BCIICCTBA O .

G= 1 , c= 1 :
R p
3aBUCUMOCTh YAEIBHOTO S3JEKTPUUYECKOTO COMPOTUBICHUS MPOBOJHUKOB OT
TEMIIEPATYPHI:
p=poL+at),
TJE P U Po — YACIbHBIE CONPOTUBJIEHUS] COOTBETCTBEHHO Ipu t u 0°C; t — Temneparty-
pa no mkane [enabcust; o — TemneparypHbiii KOAQGHUIIMEHT COTPOTUBIICHHUS.
OO6uiee cOnpoOTUBIIEHUE TPU COCAMHEHUU TPOBOJHUKOB:

N
II0CJIEI0BATENBHOM R=R+R+.+Ry=2R~;;
/=1
1 1 1 1 N1
I1apajjieIbHOM —=—t—F .= —,
R R_L RZ R/v /=1 R,
31ech Rj — conpoTtuBiieHue i-ro mpoBoaHuKa; N — 4UCIIO MPOBOTHUKOB.
3akon Owma:
JUISI HEOJHOPOIHOTO (COAEPIKALIEr0 UCTOYHHK TOKA) y4acTKa LEnu
| = P1= P2t e,
R
IJIS1 OJTHOPOJTHOTO ydacTka 1enu (&, =0, ¢ — @, =U)
| = v.
R H
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ISl 3aMKHYTOH 1iend (@ = ¢5)

rae (¢; — @) — pa3HOCTh NOTEHIMAIOB HA KOHIIAX YYacTKa IeIH; €;,— JJIC HCTOYHU-

KOB TOKa, BXOJAIIUX B y4acTok; U — HampsbkeHne Ha ydacTke nenu; R — obiiee co-
NPOTHUBIIEHUE TeNH (Yy4acTKa LENH); € — JIC BCEX UCTOUYHUKOB IICTIH.

[IpaBuna Kupxroda.
Ilepsoe npasunio: anredpanyeckas cymMma CHJI TOKOB, CXOJALINXCA B y3J€, paBHA HY-
710, T.€.

N
i

Bmopoe npasuno: B 3aMKHYTOM KOHType€ ajlreOpanyeckas cCymMma HanpsDKEHH Ha
BCEX y4acTKaX KOHTypa paBHa alreOpandeckoi cyMMe 3JIEKTPOABUKYIIUX CUII, T.€.

Trac Ii — cuJja TOKa Ha I-M Y4acCTKCE, Ri — dKTHBHOC COIIPOTUBJICHUC HaA I-M yY4acTke,; €;-

9JIC UICTOYHUKOB TOKa Ha i-M y4yacTke; N — 4HCII0 y4acTKOB, COICPIKAIIMX aKTUBHOEC
conportupieHue; K — 4uciao yuyacTkoB, COIEpKalllUX UCTOYHUKH TOKA.

PaGota, coBepiaemas 37I€KTPOCTATUYECKUM TOJEM U CTOPOHHUMHU CHJIAMU B
y4acTKe L€ MOCTOSIHHOTO TOKA 3a BpeMs t,

2
A=1Ut= U— t.
R
MoIIHOCTh TOKa
U2
P=IU="—=1°R
R
3akoH J[xoyis — Jlenna
Q= I*Rt,

Tac Q — KOJIMYCCTBO TCILJIA, BBIACIIAIOMICCCA B LICIIM 3a BPEMA t. 3akon I[}KOYJISI -
.HGHIIa CIIPpaBCAJINB IIpU YCIIOBHUH, YTO YHACTOK LCIIX HCIIOABHKCH U HCM HC COBCP-
MarTCA XUMHUYCCKUC ITPCBPAIICHUA.

9ﬂel<mpoma2Hemu3M

— —

CBs13p MarHuTHOM MHAYKIMHU B ¢ Hanpspk€HHOCTRIO H MarHuTHOTrO mosis

B =pupoH,
rac L—MarHuTHass IpOHUIAaCMOCTb I/I3OTpOHHOﬁ Cpcanl, MO_MaFHHTHaﬂ IIOCTOsAHHAs.
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MaruuTtHasi pOHULIAEMOCTh L (heppoOMarHeTuka CBsi3aHa C MArHUTHOM WH-
OyKIUEH B 1ojs B HeM U HaNPsDKEHHOCTHIO /1 HAMarHW4MUBarOLIEro I0Js COOTHOILIE-
HUEM

n=_o
1oH

B ¢eppomarneruke cBsi3b MKy MAarHUTHOW MHIYKIMEH B 1Moist 1 HaNpsxKEH-
HOCTBIO H HaMarHMYUBAIOIIETO MO BBIpaXkaeTcs rpaduyecKy.
MarnuTtHast UHIYKLIHS B HEHTPE KPyrOBOTO TOKA
|
B = HHo
2R

rae R — paguyc BUTKa.
MarauTHast ”HAYKIUS HAa OCH KPyrOBOI'O TOKa

B MHo 21 R2|
4n (R2 + X ) /
IJIe X — pacCTOSIHUE OT IIEHTPa BUTKA J0 TOYKH, B KOTOPOH ONpPENesAeTCs MarHUTHAS
UHIYKITUS.

MaruuTHass MHIYKUUS [OJS IPSAMOro OECKOHEYHO
JJIMHHOT'O IIPOBOJHUKA C TOKOM
2m 1y
rae o — pacCTOsIHUE OT OCH IPOBOJHUKA 10 TOYKH, B KO-
TOPOM OIpeENAeTCS MAarHUTHAS HHITy KLU,

M

di

e MarHI/ITHaH I/IHI[yKHI/IH HOHH, CcO31aBacMoOro 0Tp€3—
I ' KOM HpOBOI[HI/IKa C TOKOM
B= L (cosoy —CosaL,).
4Ar 1,

10
? (O6o3HaueHus cM. Ha puc. 1).

Bekrop muaykumm B meprnieHIUKYISIPEH TUIOCKO-
PucyHok 1 CTH YepTeXka, HampaBiIeH K HaM U MO3TOMY H300pakEH
TOYKOM.
MarauTHas HHIyKIHS TOJIS, CO3aBaeMOTO COJICHOMIOM B CPEIHEH €ro 4acTh
(wnu Topoua Ha €ro Ocu),

B =pupgnl,

r7ie N — YUCJIO BUTKOB, MPUXOAIINXCS HA €MHUILY JUTMHBI COJICHOUAa; | — cuia Toka
B OJIHOM BHTKE.

[TpuHIIMT Cynepno3UIIM MarHUTHBIX TOJIe: MarHUTHAs MHJTY KIS B pesylib-
THUPYIOIIETo MOJISI paBHA BEKTOPHOM CyMMe MAarHUTHBIX WHIYKITUH Bl,Bz : B3 BN

CKJIaabIBa€MbIX HOJ'IGI/I, T.C.

— — — — N —
B=B,+B,+B;+..=) B;.
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B yacTHOM cilyyae HAJIOKEHUS IBYX MOJIEH
B=B;+B,,

a a0COJIFOTHOE 3HAYCHHME BEKTOPAa MAarHUTHOW MHIYKITUN

B =1/B + B + 2B,B, cosa,

T7I€ Ol — YIOJl MKy BEKTOpaMu I§1 u I§2 .
Cuia, neficTByronasi Ha MPOBOJHUK C TOKOM B MAarHUTHOM MoJie (cuia AMiiepa)
dF =1d/x B wm F = IB/sina,
rae ¢ — JJIMHA MPOBOJA, O — YroJl MEXy HAalpaBJICHUEM TOKA B MPOBOJIE U BEKTO-

POM MarHUTHOM MHAYKLUHU B.
Cwita, neiictByromas Ha 3apsan (, ABMXKYIIUKCS CO CKOPOCTBIO V B MATHUTHOM
noJje

If:q?)xé wm F =gBosina,

IJIe 0. — yTOoJ MEeX]y BeKTopamMu U u B.
MaruutHbIi MOMEHT TIOCKOTO KOHTYpa ¢ TOKOM

P, =nlS,
rae N — eAMHUYHBINA BEKTOP HOPMAJH (TOJO0KUTEIbHBIN) K INIOCKOCTH KOHTYpA,
| — cuna Toka, MPOTEKaIOIIEro B KOHTYpPE, S — IJIONIA/lb KOHTYpa.

MexaHnuueckuii (BpaniaTeIbHbIH MOMEHT), JCHCTBYIOIINI HAa KOHTYP C TOKOM,
ITIOMEILIEHHBIM B OJTHOPOJHOE MAarHUTHOE I10JI€

M =P, xB um M = p,Bsina,

re o — yroja Mexnay Bekropamu P, u B.
MarHuTHbIN NOTOK (B clly4ae OJHOPOAHOTO MOJISI ¥ TJIOCKON HOBEPXHOCTH)
®=BScosa,

IJe 0. — yroJl MEXIy HOPMAbIo K KOHTYPY U BEKTOPOM B, S — IIomaas KOHTypa.

[ToTokocuerienne (MOaHbIN MOTOK)
Y =>ON,
rae N — 4Kciio BUTKOB B COJICHOU/IE UJTU TOPOUJIE.
Pabora nepemMeliieHnst 3aMKHYTOTO KOHTYpa ¢ TOKOM B MarHUTHOM TI0JI€
A=IAD.

OCHOBHOI  3aKOH  3JEKTPOMAarHUTHOW WHAYKUMU (3akoH  @Dapajes —
Makcsenna)
d¥ do
i . = _N T
dt dt
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rZe €; — DJIEKTPOJBIXKYILAs cuia MHAyKuuu; N — 4yuciio BUTKOB KoHTypa; ‘¥ — noro-

KOCLEIIJICHUE.
ITorokocuerienne KOHTypa

Y=L/,
rae L — iHAyKTUBHOCTh KOHTYpA.
DNEKTPOABUKYIIAS CUJIA CAMOMHIYKLIUU €5 BO3HUKAIOLIAS B 3AMKHYTOM KOH-

Typ¢C IIp1 HKSMCHCHHUU CUJIBI TOKd B HCM

dl
e.=—-L—, (L =const),
s ot ( )
rae L — "HAyKTUBHOCTh KOHTYpA.
I/IH,Z[YKTI/IBHOCTL COJICHOHNAAa
L= uuonZV :

r7e N — YUCJI0 BUTKOB HA €UHUILY JUTUHBI (TNIOTHOCTh HAMOTKH), V — 00bEM coute-
HOHU/A.
DHeprus MarHUTHOTO TIOJIsI COJICHOU/ 1A

2

LI

W, =——.

2

OOBbEMHAs TUIOTHOCTh SHEPTUU MArHUTHOTO OIS
2 2
_ Mo H _ B
. :
2 2upg

w

2.2.2 3agaum no TeMe «JjekTpocraTuka. [locTosiHHBII TOK.
DJIEKTPOMATHETU3M»

3agaua 2.1. /[Ba ToueuHbIX 3apsAaa (; U (2 HAXOAATCA B CPEAE C AUDJICKTpUUE-
CKOW MPOHMIIAEMOCTHIO € Ha paccTosiHuu I. Cuna B3aumojienicTBus 3apsanoB F. Hc-
NOJIb3Ysl JaHHbIE TaONUIGl 2.1, HAlAUTE HEAOCTAIOIIME JaHHbIE. Y KAXKUTE XapaKTep
B3aUMOJICCTBUS: IPUTSKEHUE U OTTAJIKUBaHUE?

3amaua 2.2. 3apsg (g HAXOAUTCS B IMOJ€ OECKOHEYHO JJIMHHOW 3apsHKEHHOM
HUTHU C JIMHEMHOW IUIOTHOCTBIO 3apsaa Ha Heu T. [Ipu nepememienuu 3apsiga (o U3
TOYKH, OTCTOSAIIEH HAa PaCCTOSHUU I] OT HUTH B TOYKY Ha pPAacCTOSIHUE I, OT HUTH, CO-
Bepmaercss pabota Ajp. AQ — pa3sHOCTh MOTCHIMATIOB MEXay Toukamu, E(rp) —
HaIpPsDKEHHOCTD TMOJISL HAa paccTosHUU Fy. VIcronb3ys aHHbIe TaOIUIbl 2.2, HAaUTe
HEJIOCTAIOIINE BETUYUHBI.
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3agaua 2.3. [nockuii KOHAEHCATOP C TUIOMIAABIO TUIACTUH S M PACCTOSTHUEM
MEXJTy TuTacTHHAMU O 3aITOJTHEH BEMIECTBOM C JHMAJICKTPHUYSCKON MPOHUIIAEMOCTHIO
€. K xonaencaropy npunoxeno Hanpsbkenne U. Mcnonbs3ys 1aHHbIC, TPUBEICHHbBIC B
Tabnuie 2.3, onpeaenuTe: dIeKTpoéMKocTh C KoHJeHcaTopa, sHepruto W 3apsikeH-
HOT'0 KOHJEHCATOpa, HANPSHKEHHOCTH dJEKTpUUYeckoro nmoiast E Mexay niactuHamu,
00BEMHYIO TIJIOTHOCTH YHEPTUH W.

3agaua 2.4. JIns M3rOTOBJICHUS HArpeBaTEbHOTO 3JIEMEHTa MOIIHOCThIO P
B3sUTH IIPOBOJIOKY [nHo# |. [{uameTp mpoBosioku d, yaeiapHOE COMPOTHBICHUE MaTe-
puana, U3 KOTOPOro M3roTOBJIEHA MpoBoJioka — p. IIpunoxkenHoe namnpsbkenue U.
Hcnonw3yto paHHble TabmuIel 2.4, onpeaenure JMHY | poBosiokH, €€ conpoTuBIie-
Hue R, cuiy Toka | 1 TIIoTHOCTH TOKA |.

3agaua 2.5. /s onpeneneHus 3¢ € ¥ BHyTPEHHETO
CONPOTHUBJIEHUS ' HCTOYHUKA TOKa COOpaiy LEMNb MO CXe-
M€, IPUBEICHHOW Ha puc. 2.5. [Ipn HEKOTOpOM mMOJIOKE- - I|'"|I
HUU CKOJIB3SIIIET0 KOHTAKTA PEOCTaTa aMIepMETp MoKa3aj
cuity Toka l;, a BonbT™merp — Hanpspkenue U;. Korna xon- ®
TaKT TMEPEMECTHJIM BJIEBO, aMmmepMeTp mnokazan — |, a
BosibT™MeTp — U,. Haiiaure BHyTpeHHEe CONpOTUBICHUE I _|—¢_—|—
UCTOYHHUKA U €r0 31C €. MIcXOIHbIE JaHHbIE ITPUBEICHEBI B
tadiune 2.5.

Pucynok 2.5

3agaua 2.6 [TpoBoguuk mmHOM | 1 quamerpom d HaXOAHUTCS MPU TEMITEparTy-
pe t;, npu 3ToM ero conpotuBieHue R;. Ilocie HarpeBanust 10 TemiepaTypsl t, ero
COMPOTHUBJIEHUE CcTANO Ry. po — ynenpHOE CONPOTHUBIIEHHE MaTepuaia, oL — TeMIepa-
TYpHBIH KO3(Q(UIMEHT CONPOTUBIICHUS.
1. Ucnonb3ys naHHble TaOIULIBI 2.6, HAUTH HEAOCTAIOUIUE BEIIMUUHBI.
2. Ucnonb3ys cipaBOYHbIE TaHHBIE, OTIPEJEIUTh BO3MOXKHBIA MaTEepHall MPOBOIHU-
Ka.

3apava 2.7. Karymika, HaMOTaHHasi HA HEMarHUTHBIN HWIMHAPUYECKUN Kap-
Kac, comepkut N BUTKOB mpoBoza. J{nuHa kaTymku |, uiomanp momnepeyHoro cede-
Hus S. [lo mpoBoay Teuét Tok ly. 3a Bpems At cuiia Toka yOwiBaet 10 3Hauenus |. Vc-
MOJIb3Ysl JaHHbIe TaOIULBI 2.7, ONpeAeuTh MHAYKTUBHOCTh L KaTymiku U cpenHee
3HA4YEHUE HAC €, BOZHUKAIOIIEN B KOHTYPE.

3agavya 2.8. B 01HOPOAHOM MAarHUTHOM IOJIE, HHAYKLUSA KOTOPOro B, ¢ mo-
cTostHHOM yactoTod f Bpamaercs pamka. OOMOTKa paMKu coaepkuT N BUTKOB Tpo-
BOJa W OxBaThiBaeT Imiomans S. IIpu 3ToM Ha KOHLAX OOMOTKH PErucTpUpyeTcs
HarpspkeHue, 3gdexktuBHoe 3HaueHHEe KOTOporo U,y . Mcnonp3ys 4ucinoBelie JaHHbIE,
IpUBEJICHHBIE B TaOIuULE 2.8, ONpENeIUTE BENTUUMHY UHIYKIMH MAarHUTHOTO ITOJIS.
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2.2.3 Tabaauubl BApMAHTOB K 3a/1a4aM 10 TeMe

Tabnuua k 3agaye 2.1

Ne i/ € g1, HK 02, HKn r, cm F, MmxH
1 2,0 -20 30 10
2 7,0 7,5 5 56,7
3 3,0 6,0 8 43,6
4 5,0 18 -35 50,4
5 24 7,5 3 90
6 7.0 14 12 31,25
7 5,0 -6,5 27 7
8 2,2 8 4 511,4
9 17 5,5 7 21,47
10 3,0 8,5 - 14,6 5,5
Tabmuna x 3amaue 2.2
No do, T, ri, Iy, A1, E(ry), Ao,
/o | sKnI aKi1/m cM cM MK /]I kB/Mm B
1 2 4 2 4
2 6 1 2 5
3 5 1 3 6
4 4 4 5 0,6
5 3 8 3 4
6 2 4 10 30
7 2 3 8 50
8 3 5 3 5
9 5 4 6 0,8
10 3 2 4 6
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Tabmuna x 3amaue 2.3

Ne € d, S, U, C, W, E, w,
n/n MM e’ B 10°, @ | 10° Ik | xB/m | Jlw/m®
1 2,0 0,2 50,0 30,0
2 7,0 1,1 100,0 | 150,0
3 3,0 1,2 30,0 | 100,0
4 50 1,3 60,0 40,0
5 2,0 1,4 30,0 36,0
6 7,0 1,5 50,0 70,0
7 5,0 1,6 20,0 30,0
8 2,2 1,7 80,0 | 150,0
9 2,0 1,8 120,0 | 100,0
10 3,0 1,9 40,0 40,0
Tabnuua x 3anaye 2.4
Ne P, d, S, P, U, l, R, l, J;
/| MkOmm | MM | MM Bt B M Om A | A
1 1,1 1,0 100 36
2 1,1 1,1 150 24
3 1,1 1,2 120 36
4 1,1 1,3 200 36
5 1,1 1,4 250 24
6 1,1 1,5 300 110
7 1,1 1,6 180 36
8 1,1 1,7 2500 220
9 1,1 1,8 2000 220
10 1,1 1,9 1500 110
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Tabmmna x 3amaue 2.5

No U, Uy, l4, I2, g, r,
n/n B B A A B Om
1 4,0 3,6 0,50 0,9
2 5,6 51 0,80 1,3
3 8,2 7,8 0,94 1,4
4 15,1 13,9 0,50 1,2
5 16,3 14,7 1,70 2,4
6 6,6 59 0,20 0,25
7 5,5 50 0,30 0,35
8 4,5 4,1 0,40 0,45
9 3,6 3,0 0,50 0,55
10 2,7 2,4 0,60 0,65

Tabmmna x 3amaue 2.6

Ne I, d, Ri, ts, Ro, ty |po, 10|, 10| At
/11 M MM OMm °C Om °C OM-M 1/°C °C
1 1,0 1,90 10 100 2,5 4,60 10
2 1,5 0,10 10 60 18,2 3,90 5
3 0,5 0,70 20 90 4,89 5,10 10
4 0,8 0,50 25 65 8,6 6,51 5
5 2,0 1,20 10 90 2,06 4,02 10
6 4,0 1,30 15 75 5,57 6,04 10
7 3,0 0,60 20 70 4,31 4,12 5
8 1,8 0,85 10 110 1,55 4,33 10
9 2,4 1,15 20 60 5,05 4,73

10 2,6 1,30 15 65 71,0 2,00
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Tabmuna x 3amaue 2.7

Ne N l, S, lo, l, At, L, €,
/11 cM cM’ A A MKC Ml 'H B
1 200 10 4,0 0,6 0,1 120
2 500 8 2,5 1,2 0,3 50
3 250 9 3,0 1,5 0,2 100
4 300 5 2,0 2,0 0,8 90
5 350 7 3,5 1,8 0,6 125
6 220 55 1,5 2,5 0,6 130
7 320 9,5 2,8 1,3 0,15 150
8 260 7,5 1,9 2,3 0,25 100
9 400 12 4,5 0,8 0,15 110
10 450 8,5 2,5 1,3 0,05 180

Tabnuua x 3agaye 2.8

No S, f, N, U, B,
I cM? I'm BUTOK B Tn
1 50 15 100 50
2 30 20 120 50
3 60 10 150 36
4 100 16 250 24
5 45 8 220 40
6 68 12 130 20
7 150 3) 125 12
8 34 10 90 21
9 56 14 85 9
10 140 6 250 21
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2.3 Kosie0aHus ¥ BOJIHBI
2.3.1. OcHoBHbIE pOpMYJIbI
Mexanuueckue xonreOanus u 80JHbl

I"apmornveckue kojieOaHUs BOZHUKAIOT MOJT JCHCTBHEM YIIPYTOW MM KBa3H-
YIIPYTOW CUJIbI, KOTOpAsk MOYUHSIETCS 3aKOHY:

F = —kx,

rae K — Ko3QPUIUeHT ynpyroct (KodGUIIUEHT )KECTKOCTH).
HuddepenunanbHoe ypaBHEHUE TApMOHUYECKUX KOJIEOaHU UMEET BHUI:
d 2 X 2
5 + (DOX =0.
dt
Pemmenuem sBisieTCs KHHEMAaTHUYECKOE YPAaBHEHUE TAPMOHUYECKUX KOJICOAHU:

X(t) = Acos(wgt + ¢@g),
riae X(t) — cMeleHre OT MOJI0KEHUS PABHOBECHS;
A= ‘Xmax‘ — aMILTUTY1a KOJIeOaHH#, paBHast MO0 MAKCHMAaIbHOTO CMEIICHMS,

o — yriioBas (IMKJINYECKast) 4acToTa;
(o — HayaJipHas Qasa.
[{ukindeckas 4acTtota M, 4acToTa vV M Mepro kKojebanuii 7' CBSI3aHbI COOTHO-
IICHUEM:

(o:E:va.
T

[Tepuon xonebanuii rpy3a Ha Mpy>KUHE:

T:ZR\/E,
Kk

re M — macca rpysa, K — >k€CTKOCTh MPYKUHBI.

[lepuon konebanuit pu3NUECKOro MasiTHUKA!

T=2n i,
mgl

Trac J — MOMEHT HMHEpOHH, M — Macca MasiTHHKA, | - PaCCTOAHUC OT OCHU KoJICOaHMS a0
HCHTpa MaCC MajaTHHUKA.

[Tepron konebaHuii MaTeMaTHISCKOTO MasSTHHUKA:

T=2n l,

g
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- 2
rne | — mmna mastauka; g = 10 M/C” — yckopeHre cBOOOIHOTO MaACHUSI.
CKOpOCTh ¥ YCKOPEHHE MaTePUAIBHON TOYKH, COBEPIIAIONICH rapMOHHYECKUE
KOJIeOaHHUs:

0= E = —A(DO Sln((Dot + (Po) ,

2
:‘;_i’ :% - _Acog cos(wgt +@g) -

Kunernueckast sHEprus rapMOHUYECKUX KOJICOAHMI:

mo? mA2w?2

W, = = 0 5in?(wnt + @n ).
K 5 2 (oot + @)

[ToTeHumanbHas 3HEPTUsi FTApMOHUYECKUX KOIEOaHMIA:

2 2
W :%:k%cosz(wot +¢p).

I

Ilonnas OHCPTIUA:

2 2 2
W:WH+WK:kX Lo _ kAT
2 2 2

[Ipu cnoxeHun IByX TapMOHUYECKUX KOJIEOAHHMI OJTHOTO HANpPABJIEHUS U OJU-
HAKOBOM YacTOThI MOJY4YaeTCs FapMOHUYECKOE KOJIEOaHHe C TOM )K€ YaCTOTOM, HO C
JAPYTro¥ aMIUIUTY 10 1 HOBOM Ha4aJIbHOM (a3oii:

a) aMIUTUTYyAa pe3yJIbTUPYIOIIETO KoJieOaHuUsI:

A= \/A12 + A22 +2A A, cos(9gp —Po1)

0) HayanbHas ¢aza pe3yIbTUPYIONIETO KOJIeOaHusI:

_ Agsingg; + Ay sin g
A COS@y; + A, COSQg,

3aryxaroniue Kojaebdanus onuchbiBaroTcs Qg dhepeHInaibHbIM YpaBHEHUEM BHA:
d?x dx
——+ 2B +wgx=0,
dt dt
pelLIeHHEM KOTOPOTr0, IIPH BBITIOJIHEHUH YCIIOBUS 3 < 0, SBJIAETCS QyHKIUSA
x(t) = Age P! cos(wt + ¢p).

3nech A(t) = Aje P! — y6rIBaromas Bo BpeMeH# aMILTHTY 1A KOTeGaHMil;

9oy

=" om — KoobdumenT saryxanns;

O — OUKIINYCCKAad 4aCTOTa 3aTyXaronuXx KOJICOQHMIA:
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Jlorapupmuyeckuii JEKPEMEHT 3aTyXaHUs:
Alt+T
A=In A In (t+7)

=In>=——2=RT,
Ay Alt)
rine Ay u A, — aMIUIUTYIBI IBYX MOCTEA0BATEIBHBIX KOJICOaHUH.

Jlo6poTHOCTh KOeOaTeNnbHON cucTeMbl Q cBsi3aHa C JIOTapU(PMUUYECKUM Jie-
KPEMEHTOM KOJICOaHUS

_n
Q="

BoIHyX/IeHHbIE KOJ€0aHUs, TPOUCXOASIINE 110 JEHCTBUEM BHEIIHEH NEpHO-
IUUYECKU M3MEHsoLEeca cuibl F = Fy C0SQf, onuceiBaroTcst aupepeHInalIbHbIM

ypaBHEHHUEM:

gi;+23g§+a%x=EQaBQL

dt dt m

PemenneM 3Toro ypaBHEeHHUs B YCTAHOBUBILIEMCS PEXUME SABISETCA DYHKIIUS:
X(t) = Acos(Qt + ),

rae A — aMIIUTY/1a BBIHYK/ICHHBIX KOJIEOAHUI:

Fo

A= .
my(0f — Q2)% + 4207

3HaueHue P, KOTOPOEe MPEACTABISIET COO0N BETUYMHY OTCTaBaHUS MO (a3e BHIHYXK-
JNE€HHOr0 Koyie0aHus OT OOYCIIOBUBILEN €0 BBIHYKAAIOIIEH CHIIBL:

2B Q2
cog -0

Qpe3 = \IOJS - ZBZ

HaOJI0JAeTCsl SIBJIEHUE PE30HAHCA, T.€. PE3KOE YBEIUYEHUE aMIUIMTYAbl BBIHYKICH-
HBIX KoJieOaHuil. Pe3oHaHCcHas aMmuTyaa:

Ay =1
2 ompyw?—p2

Cratnueckoe CMeleHEe BEIHYKIEHHbBIX KoeOanuii (pu Q = 0):

9p=—

[Ipu nuKIMYECKON YacTOTE

mos K
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[Ipomecc pacmpocTpaneHus: KojeOaHU B MPOCTPAHCTBE HA3BIBAETCS BOJIHOM.
BonHoBOE ypaBHEHHE, OMUCHIBAIOIIEE PACIIPOCTPAHEHUE BOIHBI B HAIIPABJIECHUU OCHU
X UMeeT BUJ;

0%t 1 0%

ox*  v* ot
PemenueM sBisieTcsi ypaBHEHHE IUIOCKOW Oeryiieil BOJHBI, KOTOpas pacnpocTpaHs-
€TCs BJOJIb MTOJIOKUTEIBHOIO HAMPABIEHUS OCH X:

A

rae &(X,t) — cMeleHue TOUKM Cpesibl C KOOPJMHATOW X B MOMEHT BpeMeHH t;
U — CKOPOCTb pacrpocTpaHeHus Kojebanuil B cpene (ha3oBasi CKOPOCTH);
A — aMIUTUTY1a BOJIHBIL;
® — UMKJINYECKas 4acToTa;

21

k= 7 — BOJTHOBOE YHCJIO, A — JIUTMHA BOJIHEL.

&(x,t) = Acos(ot —kx) = Acos(@ - @) ,

JlmvHa BOTHBI A CBs3aHa ¢ repruoaoM 1 KojeOaHui U CKOPOCThIO BOJHBI V.
A=0T,

rae o — ¢a3oBasi CKOPOCTh BOJIHBIL;
T — nepuoj KoneOaHU.
CkopocTh IPOAOIBHBIX BOJH B YIIPYTOU Cpefie

E
v=_|—,
p
rae E — Moayib ypyrocTu;
p — IUNIOTHOCTbH CPEMBI.
CkopocTb 3ByKa B ra3ax:
_|yRT
M ]

rjie Y — Mmoka3aresb aanabdarsl;

R — MonsipHast ra30Basi MOCTOSTHHAS;

T — remnepartypa;

M — monsipHast Macca.

Besikas BonmHa mepeHocHT sHepruto. CpeqHee 3HAYeHHE IJIOTHOCTH TIOTOKA
SHEPTUU HA3BIBACTCSI HHTCHCUBHOCTHIO. IHTEHCUBHOCTH paBHA

| =£pA20)20,

rac p — INIOTHOCTH CPCIOBI.

Cas3b pazHoctu (pa3z A xonebaHUN ¢ pacCTOSHHEM AX MEXIy TOUYKaMHU Cpe-
JIbI, OTCUUTAHHBIM B HAIIPaBJICHUU PACTIPOCTPAHECHUSI KOJICOAHU:
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rae A — JUIMHA BOJHEL
DnekmpomazcHumnule Koieoanust u 60JHb

CBoOoaHbIE KONIEOaHMs 3apsiia B KOHType 0€3 aKTUBHOTO CONPOTHUBIICHUS
(R = 0) onuceiBaroTCst UG HEpeHITNATBEHBIM YPAaBHCHUEM:

2

dt?

PemieHreM 3TOr0 ypaBHEHHUS SBJISAETCS (DYHKIHSA:
q(t) = Umax COS((’)Ot +¢),

TI€ (max — AMIUTUTYTHOE 3HAYCHUE 3aps/ia Ha KOHJICHCATOPE.
[Muknuueckas yacrora:
1

0y =—F7—,
vJLC
rac L - HMHAYKTUBHOCTD,

C — 3EKTPOEMKOCTb.
[Tepuon xonebanuit onpexaensercs no popmyie ToMcoHa

T=2nJLC .

Hamnpsixenue Ha KOHACHCATOPE OTAWYAETCs OT 3apsana MHoxkuTeneM 1/C:
U(t) = % = qgicos(coot + @) =U 0 COS(0gt + @) .

[Mpomuddepernmporar Gynkmnuro ((t) Mo BpeMeHH, TIOTYyYUM BBIPOKECHUE JIJIS

CHJIBI TOKA:

= Ccij_? = —Woqmax SIN(@gt + @) = I ay COS(wot + @ + g) ,
T.€. CHJIa TOKa CMEIeHa 1o (ha3e OT HAPsHKSHUS Ha KOHJCHcaTope Ha T/2.
Besikuii peanbHbld KOHTYp 00/1a/1a€T aKTUBHBIM CONPOTUBJIEHUEM, IO3TOMY B
KOHTYpe OyyT IPOUCXOJIUTh 3aTyXarouue KouaeOaHus.
HuddepenunanbHoe ypaBHEHUE 3aTyXaOMIMX AJIEKTPOMAarHUTHBIX KOJIeOaHU
UMeeT BUJ:

d’g
+2 —+ waq =0,
dt2 B 0
R
rae =—,
b 2L
2
IIpu ycioBuu, 4to [32 < co(z) , T.€. E < E , pELLICHUE YPaBHEHUS UMEET BU!
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A(t) = Umaxo€ " COS(wt + ),

rac = (Dg - BZ = — NUKJIIMYCCKAA 9aCTOTA 3aTyXarolux KOJICOAHMI.

YpaBHEHHUS TIIOCKOM JIEKTPOMArHUTHOW BOJIHBI UMEIOT BUJ:
E =E,;x COS(ot —kX),
H =H,. cos(ot—-kx),

e Emax 1 Hmax — aMIUIUTyIHBIC 3HAYEHUS HANPSHKEHHOCTEHN JIEKTPUUECKOTI0 U Mar-
HUTHOI'O MOJIEH COOTBETCTBEHHO.
®da30Basi CKOPOCTh PACHPOCTPAHECHUS 3JIEKTPOMArHUTHBIX BOJIH B CpEJIE:

:1_120
! J8MH)’J8M JSM’

rae c= %— — CKOPOCTh 3JIEKTPOMAarHUTHOM BOJHBI B BaKyyMe, T.€. CKOPOCTb
€oMo

(Y

ceera ¢ =3-108 Mm/c;

€ M |l — OTHOCUTEJIBHBIC DJICKTPUIECCKAsI 1 MAarHUTHAS! IPOHUIIAEMOCTH CPEJIbI.
CBs13b M@Ky MTHOBEHHBIMH 3HAYCHUSAMHU HANPSDKEHHOCTEH JJICKTPUUYECKOTO U Mar-
HUTHOTO MOJICH:

BekTop mIOTHOCTH TIOTOKA JHEPTUU DJCKTPOMATHUTHOW BOJHBI (BEKTOP
IloitaTHHTA):

S=ExH.
MrHoBeHHOE 3HaueHHne BekTopa [loHTHHTA:!
S=E-H.
Cpennee 3HaueHne BekTtopa [[olHTHHTra OnpeiesiieT UHTEHCUBHOCTD BOJIHBI:

Emax H max

2

| =<S>=

2.3.2 KonTpoJsbHas padora no reme «Kose0aHus1 ¥ BOJHBD)

3anaua 3.1. [Ipy>xuHHBIN MasiTHUK COBEPIIAET TAPMOHUYECKHUE KOJIEOAHHS 10
3akoHy X = ACO0S(wyt + @) . Ob03HaUeHNs, TPUHATHIE B TabmmLe 3.1:

Xo — 3HAUCHHE KOOPAMHATHI B HAYAJIbHBIH MOMEHT BPEMEHH; (o — HadaibHast (a3za; K
— KO3 PUIUEHT KECTKOCTHU MPYKUHBI, Ug U do — 3HAUCHUSI CKOPOCTU U YCKOPCHUS B
HAYaJbHBIE MOMEHT BPEMEHH; Umax M dmax — MAKCUMaJIbHBIC 3HAYCHUS CKOPOCTH H
yckopeHusi. Micronb3yst aHHbIe TabauIs! 3.1, BBIOJIHUATE CIICTYOIICe:

1. Haiinute HemocTaromuye B TaOIUIE BETUIMHBI.

2. 3anuIuTe ypaBHEHHE KOJIeOaHu ¢ YUCIOBBIMU KOd(phHULIMeHTaMU.
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3apaua 3.2. KosebaTenbHbI KOHTYpP COCTOUT U3 KaTYIIKH MHIYKTUBHOCTBIO L 1
KOHZeHcaTopa éMKoCcTh0 C. HampspkeHne Ha KOHAEHCATOpe U3MEHSETCS 0 3aKOHY
Uc (t) =U a0 COSmpt . Micionb3ys nanuble TaOauIp! 3.2, BBHINOIHUTE CIISAYOLIee:

1. Haiinute HeocTaromye B TaOIULE BEINYUHBI.
2. 3anummte ypaBHeHue u3MeHenus U, (t) ¢ uncnoBsiMu kodddumentamu.

3amauya 3.3. Touka ydacTByeT B JABYX KOJ€OAHUSX OJHOTO HAIPaBICHUS U OJIH-
HaKOBOM 4acTOThl. AMIUTUTY/Ibl KoJieOaHUM paBHbI A1 U Ap. Qo1 U Po; — HAYAJIbHBIE
¢a3pl ATHX KoNeOaHWd. A — aMIUIUTyAa Pe3yJIbTHPYIOMIETO KoieOaHus, (g — €ro
HavasibHast Qa3a. Mcronb3ys nanHble TabIULb 3.3, BBIMOIHUTE CIIETYIOLIEE:
1. Haiinute HegocTarONME BEJTUYUHEI.
2. IlocTpoiiTe BEKTOPHYIO AMArpaMMy CIOXKEHHs KoJieOaHUM C coOJtoieHneM
macmiraoa.
3. 3anuiure ypaBHEHHE PE3yJIbTHUPYIOUIET0 KOjeOaHUsl ¢ YUCIOBBIMU KO3 Pu-
LUEHTaMU.

3anaua 3.4. Touka y4acTByeT OJJHOBPEMEHHO B JIBYX TAPMOHUYECKUX KOJIEOAHM-
X, MPOUCXOSIINX BO B3aUMHO NEPHEHANKYIISPHBIX HANIPABICHUSIX U OIUCHIBAEMbBIX
YpaBHECHUSIMHU:
X(t) = A cosmt
y(t) = A, cos(ot + @) .

Hcnonb3ys nanHble TaOnuLbl 3.4, HAIUTE YpaBHEHHE TPACKTOPUU TOYKH, I10-
CTpoiiTe e€ ¢ cobuoieHneM MaciiTadba U yKa)kKUTe HAlpaBJICHUE IBIKEHUS.

3agaya 3.5. MasatHuk coBepiiaer 3aryxaromue kosebanus. OO03HaUYEHMUS,
npuHATHIe B Tabmuie 3.5: f — kodDPUIMEeHT 3aTyXaHus; g — COOCTBEHHAs 4acTOTa
KoJ1e0aHuii; A — TorapupMUUECKuil JEKPEMEHT 3aTyXaHus, T — BpeMs penakcanuu, Ne
— YHCII0 KoJeOaHmid, 32 KOTOpOE aMIUIMTyJa yMeHbInaeTcs B e=2,718... pa3, Q —
T0OPOTHOCTH KoJiebaTenbHOU cucTeMbl. Mcnonb3ys nanHble Tabnuibl 3.5, BEIIOIHU-
TE CJEyIOLIEe:
1. Haiinute HegocTaronye B TA0OINUIIE BEIUYNHEL.
2. 3anuumuTe ypaBHEHHE KOJIeOaHUM C YNCIOBBIMU KO3 PULIMEHTAMHU.
3. IlocTpouth 1o TOUKaM rpauk 3aBUCUMOCTH aMILIUTY/bl 3aTyXaroIIUX KoJe-
OaHU OT BPEMECHH.

3agaua 3.6. [IpyXMHHBII MasTHUK COBEPILAET BBIHYKJICHHbIE KOJIEOAHUS O]
JEUCTBUEM BHEIIHEH NMepuoaAndecku u3MeHstomeics cuisl F = FycosQt. Obo3Ha-

YeHus1, IpUHATHIE B TabuIe 3.6: M — Macca rpysa; ®y — COOCTBEHHAsl 4acToTa KoJje-
Oanuii; B — koappuumenT 3aryxanus; Fo — aMIIIUTYIHOE 3HAYEHUE BBIHYKIAIOIIEH
cuibl. Mcnonb3yst nanHble Tabaubl 3.6, BHITOIHUTE CIEAYIOIIEE:
1. HaiinuTe 3Ha4eHU PE30OHAHCHOW 9aCTOTBI {2, PE30HAHCHOM AMIUIUTYIBI Ay,
U CTaTHYECKOTO CMEIIeHUS A, .
2. 3anuiuTe ypaBHEHHUE YCTAHOBUBIIUXCS BBIHYKJEHHBIX KOJIEOAHUN CUCTEMBI C
YHUCITOBBIMHU KO3 uimeHTamMu mpu Q=€ ..
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3agaua 3.7. B Touke X = 0 HAXOIWUTCA WCTOYHHWK KOJEOAHMI, KOTOPHIC pac-
npocTpaHstoTes Baojb ocu 0X. KojeOaHWe HMCTOYHHWKA IMPOHMCXOIUT IO 3aKOHY:
€(0,t) = Acoswt. O6o3HaueHus, MpUHITHIE B TabmuIe 3.7: @ — 9acToTa KoJjcOaHuH,

A — miHa BOJTHBI, K — BoJTHOBOE umciio. Mcronb3ys nanHbie TaOuIbl 3.7, BBITIOTHH-
T€ CIIEIYIONIEE:
1. Haiigute Henocraromue B TaOJIUIE BEJIUUNHEI.
2. 3anumuTe ypaBHEHHE C YUCJIOBBIMU KO3 (UIIMEHTAMU TUIOCKOWM MOHOXpOMa-
TUYECKOW BOJIHBI, PACIPOCTPAHSIONICHCA BIOIb MOJOXKUTEIBHOTO HaIpaBiie-
Hus ocH 0X.
3. PaccuuTaiiTe cMeleHne KOIEOIIOMICHCS TOYKH, HaXOISIIeHCsT Ha pacCTOSTHUN
X1 OT UICTOYHHKA, JIJIs MOMEHTa BpeMeHHU ;.

3agaya 3.8. Karymka (6€3 MarHUTHOTO CepJIeYHMKA) JIUHOW | ¥ TUTOIIaIBI0
nonepeyHoro ceueHus: S; uMeeT N BUTKOB U COEIMHEHA TMapajulesIbHO ¢ KOHAEHCATO-
pom. KoHzeHcaTOop COCTOMT M3 JBYX IUIACTUH IUIOMIAALI0 S; Kaxaas. PaccTosiHue
MEXK]Ty TUIAaCTHHAMH O 3aIOTHEHO JAMAJICKTPUKOM C JTUAJICKTPUUYCCKONW MPOHUIIAEMO-
CTBIO €. T — mepuoj KojaebaHui, v — 4acToTa KojeOaHui, A — IJTHHA BOJIHBI, HA KOTO-
py1o pe3oHupyeT KoHTyp. Mcnonb3ys AaHHbIe, TpUBEICHHbIC B Ta0uuile 3.8, HaliuTe
HEJIOCTAIOININE BEJTUYNHBI.

2.3.3 Tabaauubl BApMAHTOB K 3a/1a4aM 110 TeMe

Tabmuna x 3agaue 3.1

BapH' m, k1 Qo; Xo, A, 0o, Omax, | Ao, 104 Amax; 104 o,
aHT r H/™m pan CM cMm |em/c |em/c | em/c? em/c> | 1/c

1 3) 50 /6 | 2,0

2 10 1,0 | 2,0 200

3 300 /4 | 2,0 -0,03
4 10 | 300 1,41 | 2,0

) 200 1,41 | 2,0 | 300

6 10 | 100 n/4 | 1,0

I 300 2,0 | 3,0 | 200

8 15 1,41 | 2,0 300

9 200 3,0 | 50 —0,04
10 8 160 0,709 | 1,0
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Tabmuna x 3amaue 3.2

B C, L, Mo, 103 Qmax, I maxs Unax,
apuaHT
MKD MI'H pan/c MKKI1 MA MB
1 1 10 200
2 1 5 150
3 50 2 120
4 2 50 200
5 5 0,5 300
6 0,1 1 300
7 5 20 400
8 4 5 250
9 5 500
10 0,2 0,5 240
Tabmnuna x 3agaue 3.3
B A, o1, Ay, o2, A, 0o,
apuaHT
CcM rpan CM rpan CM rpan
1 2 0 3 60
2 3 4 0 5
3 90 4 45 60
4 4 2 0 5
5 60 15 30
6 6 30 90 45
7 3 45 4 90
8 4 270 45 30
9 2 4 30 54
10 4 60 15 6
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Tabmuna x 3amaue 3.4

Bapuanr Aq, c™M Ay, cMm v, I'g ¢, Tpan

1 5 6 50 0

2 8 3 50 +90
3 3 7 150 +180
4 8 9 100 —90
5 6 4 150 +270
6 4 7,5 50 -180
7 9 4 100 —90
8 5 9 100 0

9 10 4 100 +180
10 12 3 50 0

Tabmumna x 3agaue 3.5

SO T T R I I VO T
1 2 6,5 0,3 45
2 12,0 2,0 0,01 15
3 13,0 50 100 20
4 7,0 1,0 300 35
5 8,0 0,15 40 50
6 10,0 3,0 0,005 40
7 3 7,5 0,15 37
8 15,0 60 120 60
9 11,0 2,0 800 75
10 10,0 30 145 82
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Tabmmna x 3amaue 3.6

Bapuant m o b o e Aer Apes
r pan/c ¢! H pan/c CM cM

1 5 20,00 | 2,00 | 0,010

2 35 3,14 0,05 | 0,015

3 30 12,00 | 0,20 | 0,012

4 15 6,00 0,10 | 0,025

5 26 4,00 0,30 | 0,030

6 12 2,00 0,10 | 0,010

7 28 4,00 0,08 | 0,016

8 20 13,00 | 0,30 | 0,018

9 27 3,00 0,20 | 0,025

10 8 30,00 | 3,00 | 0,024

Tabnuua k 3anaye 3.7

Bapu- | A4, o, T, A, v, K, ti, X1,
aHT cM pan/c Cc M M/c M c M
1 1,0 100 300 0,10 15
2 1,5 0,01 3,0 0,30 70
3 2,0 100 2 0,15 10
4 2,5 0,003 200 0,05 7
5 2,2 200 0,5 0,50 5
6 1,0 0,002 2,0 0,20 12
7 1,2 200 240 0,25 54
8 1,4 200 2 0,32 50
9 1,8 400 2,5 0,34 48
10 2,0 0,002 20 0,40 6
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Tabmuna x 3amaue 3.8

Bapu- | S, | d, C, I, | Si L, T, Vv, A,
aHT cM® | MM ¢ nd N cm | em® | wmTH MKC | MI'11
1 50 2,0 | 44 | 1000 3,0 | 0,754
2 1,50| 7,0 | 165 40 | 2,0 1.52
3 26 |0,10 1é0 600 | 12 1,884
4 3,00 | 3,0 900 40 | 2,552 400
5 7,00 45 | 57 20 | 7,0 0,289
6 0,70 | 5,0 | 190 24 | 9,0 0,843
7 36 3,2 | 340 | 650 | 18 2,358
8 44 11,00 4,1 700 | 30 | 3,0
9 45 | 2,50 800 10,0 | 5,024 0,363
10 5,00 33 | 22 | 850 | 18 315

2.4 OnTuka. JaeMeHThbl GU3MKHU TBEPAOIo Tesa U GU3MKH ATOMHOIO SiApa
2.4.1 OcHoBHBIE GOpMYJIBI
Bonnosas onmuka

CkopocTh CBeTa B cpelie:

IZ€ € — CKOPOCTb CBETA B BAKYYME;
N =./el — aOCOMIOTHBII MOKa3aTeab MPEIOMIICHUS CPEIbI.

[Ipu npoxokaeHUU CBETa Yepe3 rpaHully paszieia ABYX CPE BBITOIHIIOTCA:
1) 3axon ompadicenus: yroi MajeHus oL paBeH Iy OTPaXXKCHUS v,

o=y
2) 3aKOH NPeLOMAECHUSL:

sina n,
——=N
sinf3 n

IJIe O — YroJ MajcHus;

B — yroi npeiaomiieHus;

N2y — MOCTOSIHHAS I JBYX JAHHBIX CPEJ BEITUYHMHA, Ha3bIBacMasi OTHOCHUTEIb-

HBIM TTOKa3aTeJIeM MPEIIOMIICHUS BTOPOH Cpeiibl OTHOCUTEIHLHO MEPBOIA;

N1 ¥ N, — aOCOJIOTHBIC MTOKA3aTEIH MPEJIOMIICHHS CPE/I.
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Onruyeckast JJMHA IyTH CBETOBOW BOJIHBI:
L=nx,

rac X — recoMeTpuyeCcKas JJIMHA IIyTH CBETOBOM BOJIHBI B Cpeac € IOKA3aTcCJICM IIpC-
JIOMJICHUA N.
OnTtryeckas Pa3HOCTDb XO/Ja ABYX CBCTOBBIX BOJIH:

VYcnoBre MakCHMMallbHOTO YCUIICHHUS CBETa MPU UHTEPPEPEHITUU:
A=+ Zm%, (m=0,1,2...).
VYcnoBue MakCHUMallbHOTO OCJIa0eHHs CBETa IPU UHTEp(dEepEeHIUN:
A =1(2m +1)%, (m=0,1,2...).

OnTtryeckas Pa3HOCTb XOJla CBCTOBLIX BOJIH, BO3HHKAIOIIAA IMPH OTPAKCHUUN
MOHOXPOMATHUYCCKOI'O CBCTA OT TOHKOH IIJICHKH, H&XOI[HH.ICfICSI B BO3YyXC:

A =2d+/n? —sin a —%,

rae d — ToaIMHa IIEHKH;

N — MOKa3aTenb MPEIOMIICHUS TUICHKY,

0L — YTOJI MTaJICHHUS.

[Tpu nudpakinum Ha TUGPAKIMOHHON PEIIETKE Yroyl (¢ OTKIOHEHUS JIy4e, co-
OTBETCTBYIOIIMN MakKCUMyMYy (CBETIIas M0J0ca), ONPEAEIETCS U3 YCIOBUS:

dsing=mA (m=0,1,2...),

rae d — nepuon tudpaKMOHHON PEIIETKH.

3akoH bprocrepa:

tgog = T2 _ Noyps
Ny
I7I€ Oy — YroJI MaJIeHus], IPU KOTOPOM OTpakKEHHAs CBETOBAsI BOJIHA MOJIHOCTBIO IO-
JSIPU30BaHa;
N1 — OTHOCUTEJBHBIN MOKAa3aTeNlb MPEIOMIICHUSI BTOPOU Cpe/ibl OTHOCUTEIIBHO
IIEpBOM.
3akon Maroca:

2
| =1,c0s" ¢,
rae lo— MHTEHCUBHOCTH MOJIIPU30BAHHOIO CBETA, MAJAIOIIET0 HA aHATIU3aTop;

| — MHTEHCUBHOCTH CBETA, MPOLIEAIIETO YEPE3 aHATIU3ATOD;
( — YToJI MEKy TJIaBHBIMU TUIOCKOCTSMH TMOJISIPU3aTOPa U aHAIM3ATOPA.
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Keaumosas onmuka

3akoHn Ctedana — bonbimMana:
R,=cT*,

rae R, —sHepreTuyeckas CBETUMOCTh (M3y4aTeIbHOCTh) aOCOMIOTHO YEPHOTO TENa;
o — noctosiaHas Credana—bonbpivana;
T — TepMoAHAMUYECKAsl TEMIIEpaTypa.

3akoH cMmelneHus Buaa:

b
Mmax = =
max T

TJI€ Amax — JUTMHA BOJIHBI, HA KOTOPYIO MPUXOIUTCS MAKCUMyM CHEKTPaIbHOMW TUIOT-
HOCTH DHEPTeTHYECKOW CBETUMOCTH B CIIEKTPE U3ITYUCHUS;
b — mocrosinHas BuHa.
Oueprus GoToHa (KBaHTA SJIEKTPOMATrHUTHOTO U3TYYCHHUS):
e=hv= E,
A
rae h — nocrostunas [Tnanka;
v —4actoTa )OTOHa;
A — JUTMHA BOJIHBI.
dopmyna DitHiTeitHa 111 hoTodPdhexTa:

2
mo
hv = ABI)IX + 2max J

rae hv —sueprus ¢hoToHa, mamaromero Ha MOBEPXHOCTh METAIIA;
A..x — paboTa BBIX0/1a 3JICKTPOHA.

Kpachas rpanura ¢otosddexra:

ABLIX }\‘ — hC

I BBIX 0=

Vo = . WIH

’
ABLIX

r7ie Vo — MHHUMaJbHas 9acToTa, IpU KOTOPOH BO3HHUKAET (HoTodI(DPEKT;
Ao — MaKcUMaJjbHas JJIMHA BOJIHBI, IPH KOTOPOH e1ié Bo3MOKeH (HoT0dh(DEKT;
h — nocrosinnas [1nanka;
¢ — CKOPOCTh CBETA B BaKyyMe.

Keanmosas mexanuxa

DHeprus 3JeKTpoHa B BOJAOPOI0N0I00HOM aTOME:
E.
_ i 2
E,=——1.2,
1
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rae Ej— sHeprus noHu3auu aroma BOJIOPOJIa;

N — raaBHOE KBaHTOBOE umciio (N=1, 2, 3...);

Z — OpSIIKOBBIM HOMED dJIeMeHTa B Tabauie MeHeneesa.
DHeprus, u3jaydyaemas Wi IorIolaeMas aToMOM BOIOPO/Ia:

1 1
8:Eni_Enk nim 8:Ei n—z—n—z ,
i k

rie N~ HOMEp PHEPreTUYECKOTO YPOBHs, HA KOTOPHIM NEPEXOAUT JIEKTPOH;
N — HOMEP PHEPreTUYECKOT0 YPOBHS, C KOTOPOI'O MEPEXOIUT JIEKTPOH.

dopmyiia, MO3BOJSIONMIAS HAUTH JITTMHBI BOJTH A JIsI BOJOPOIOTIOIOOHBIX aTOMOB
(0600menHas hopmyna bameMepa), UMeeT BUI:

LeLo1)
A ne  ng

rae R — mocrossaHas Punbepra.

Duzuxa meépooeo mena. llonynpoeooHuxu

3aBUCUMOCTh YJEIBbHON AJIEKTPOIPOBOJIHOCTH COOCTBEHHBIX IMOJIYIIPOBOJIHU-
KOB OT TEMIIEPATYPbl UMEET BU/L:

_AE
rae AE — mmpuHa 3anpenéHHoN 30HbI;
k — mocrostuaas bosnbimana;

T — TepMOaHAMHYECKasA TEMIIEPATYPA;
Go — KOHCTaHTa, XapaKTepHasi JJi JaHHOTO MOJIyITPOBOAHUKA.

ConpoTtuBiieHHE COOCTBEHHOT'O MOJYIPOBOJHUKA U3MEHSAETCS 110 3aKOHY:
AE
R= RO 92kT.

Jlst cOOCTBEHHOTO TIOMYIPOBOAHUKA TEMIIEPATypHBIA KOI(PPHUIIUEHT COMpo-

THBJICHUS:
AE

kT2’

(XT:

Quzuxka amomHozo 10pa

MaccoBoe uncio A sapa (4uciio HyKJIOHOB B siIpe):
A=Z+N,
rae Z — 3apsag0BO€ YUCIIO (YUCIIO TPOTOHOB);

N — 41cI0 HEUTPOHOB.
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JedexT Maccsl apa:
Am=Zm,+(A-Z)m, —m
raie  Mp—Macca IpoTOHa;

M, — Macca HEUTPOHA,;
m, — Macca sipa.

Tak kax m,=m,—2m,,

rge m, — macca u30ToI1a;
M, — Macca 3JICKTPOHa,

TO Am:Zm%H+(A—Z)mn—m ,

rac mlH — Macca U30ToIl1a BOAOpoaa iH .
1

DHEpPrus CBA3M AAPA:
AE_, = Amc?

rae Am — nedekT Macchl sSapa;
C — CKOPOCTh CBETa B BaKyyMe.
Bo BHecucTeMHBIX €TMHUIIAX SHEPTHUS CBSI3HM sIIpa paBHA:

AE,, =9315-Am,

Mb»B

rae 931,5 — K03 HUIUEHT TPOTIOPIIUMOHATIEHOCTH;

a.e.M.
AMm — BBIPaXXEHO B a.€.M.
VY envHast HEpTHUs CBSI3U (FHEPTHUS CBSI3U, NPUXOAIIASACS HA OJIUH HYKJIOH):

AE

Eyy = — .

YR A

N3meHeHnne 3HEPrun PHU ANEPHON PEAKIUU:

O=02(Zm/—2mk),

rmue z /M; — cyMMa Macc 4acTHIl JO peaKLuy;
2 M), — CyMMa MacC 4acTHIl IIOCJIE PEAKIIHH.
3aKkoH paAnoaKTUBHOTO pacnaja

N =Nye™!,

rae N — guciio HepacnaBIIMXCsSl aTOMOB B MOMEHT BPEMEHMU t;
No — urici10 HepacaBIIUXCS AaTOMOB B MOMEHT, IPUHSTHIN 32 HaYasbHbIN (Tipu t=0);
A — IOCTOSIHHAS paAOAKTUBHOTO PACIIAA.
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[Neprox moypacma/a CBsi3aH ¢ MOCTOSHHOW pactiajia COOTHOIIICHUEM

In2
T1/2 = T .
AKTHUBHOCTE M30TOITA
a=-AN.

AXKTHUBHOCTh M30TOIIA U3MEHSIETCS CO BPCMCHCM II0 TOMY 7K€ 3daKOHY, UTO WM YHCJIO
HCpPACIMaBIINXCA AOCP:

a=age .

VY nenbHasg akTUBHOCTh PaJUOAKTUBHOIO UCTOYHUKA
q = a
AT
rae M—macca 3TOro UCTOYHHKA.
3akoH ocnalieHus] MHTEHCUBHOCTU Y-M3IIyYeHUs TPHU MPOXOXKICHUU Yepe3 Io-

riomaromee BEMECCTBO:!
I = I 0 e_l/l X y

rae lo— MHTEHCHBHOCTD Y-U3JTyUYCHHSI, TIAIAIOIIETO Ha TTOBEPXHOCTH BEIIIECTRA,
| — MHTEHCUBHOCTB Y-U3ITyUEHHSI B BEIIECTBE HA TITyOWHE X;
W — JIMHEHHBIN Ko DUIMeHT ocnabaeHwsI.

2.4.2 3anaum no teme «OnTuka. JjaeMeHTsl GU3NMKHU TBEPAOIO Teaa U
(Gu3uKH AaTOMHOTO SAAPa»

3amava 4.1. Ilyyok mapanieiabHbIX MOHOXPOMAaTHYECKHUX Jy4eH C IJIMHON BOJI-
HBI A Ma/1aeT Ha HaXOSILYIOCS B BO3/lyX€ TOHKYIO IUIEHKY C [TOKa3aTeaeM MperaomIe-
HUSI N. oL — YroJl majaeHus jdydei, d — HaMMEeHbIIas TOJIIMHA TUICHKH, PU KOTOPOM
OTpaX€HHBIE YUYl MaKCUMaJIbHO yCHJIEHBI (0cialiaeHsl) naTeppepenureit. Mcnomnb-
3ys JaHHble Ta0auIE! 4.1, HallIuTe HeqoCTaroNIMe BennYuHbl. HauepTuTte xon ydeit
B TOHKOU ILJICHKE.

3anaua 4.2. Ha nudpakinmonnyto pemeéTky HOpMaJIbHO K €€ MTOBEPXHOCTH Tajia-
€T TapaJyIebHBINA MyYOK CBETA C JUIMHON BONHBI A. [Tomeménnas BOIM3U peméTku
JMH3a TMPOeHUpyeT MU(PPaKIIMOHHYI0 KapTUHY Ha DKpaH, YAAJCHHBIH OT JMH3bI HA
paccrostnue L. PaccrosiHue mMexay JByMs MakCMMyMaMW WHTEHCUBHOCTU IIEPBOTO
nopsijika Ha skpane paBHo |. [ToctosHHas pemérku — d. Yucmo mTpuxoB pemeTKy Ha
€IUHHULLY JUIMHBI — N. MakCUMaJIbHBIN MOPAIOK CIIEKTPA — Mmax. YUCIO0 MAKCUMYMOB,
KOoTOpoe mpu 3ToM Aaét pemérka — N. Yron audpakiuu nepsoro nopsaka — @;. Mc-
N0JIb3Ysl TaHHbIE TaOMUIbI 4.2, HAIUTE HEAOCTAIOIINE BEIUYUHBI.

54



Berunnos A.B., Bonkos A.®., JIlymnuesa T.II. Metoanueckoe nocodue no Ghusuke

3amaua 4.3. J[Ba nukonst N; u N, pacnosioxeHbl Tak, 4TO yroJl MeXAy UX ILIOC-
KOCTSIMU TIPOMyCKaHUs paBeH . lg — MHTEHCUBHOCTh €CTECTBEHHOI'O CBETA, IaJlao-
IIEr0 Ha MOJIAPU3aTop; |; — MUHTEHCUBHOCTDH MOJIIPU30BAHHOTIO CBETA, MMAJIAl0IIETO Ha
aHanu3aTop; |, — MHTEHCUBHOCTH CBETA, BBILIEAIIETO U3 aHanu3aropa. Koagduumenrt
NIOTJIONICHHS CBeTa B Kax oM Hukoisie K. Mcronb3ys nannbie Tabmuimbl 4.3, HalanTe
HEJIOCTAIOIINE BEJINYNHBI.

3anaua 4.4. Dnexrpuueckas mydenbHas neub notpediser momHocts P. Tem-
nepatypa €€ BHyTpEHHEH MOBEPXHOCTU MPHU OTKPBITOM HEOOJIBIIIOM OTBEPCTUU JHUa-
MetpoM d paBHa t. Amax — JJIMHA BOJIHBI, HA KOTOPYO MPUXOJUTCS MAKCUMYM SHEPTHH
B CIIEKTPE U3ITyUYECHUS.
CuuTtasi, 4TO OTBEPCTHE MEUYU H3ITy4YaeT KaKk aOCOTIOTHO YE€pPHOE TENO, OIpee-
JIUTh, KaKasi 4acTh 1 MOIIHOCTH PAacCEUBAETCS CTEHKaMH, a TaKXkKe JAPYrue HelocTa-
folve B tadnuiie 4.4 BEIUYUHBI.

3amava 4.5. Ha noBepXHOCTbh HEKOTOPOr0 MaTepuasa najgaeT CBET C YaCTOTOM V.
€ —aHeprus (PoToHa, MAJAIONIETO Ha MOBEPXHOCTh; Ag — KpacHas rpaHunia ¢oTodd-
¢exTa 11 ATOrO0 BEemecTBa; Ay,x — padoTa BBIX0A IMEKTPOHA, Umax — MAKCHMAaJIbHAS
ckopocThb (poroanekTpoHoB; Uz — 3aaeprkuBaroliee Hanps>KeHue.

Hcnonp3ys 3HaUeHUs] BEJIMYMH, TPUBEICHHBIX B Tabnuue 4.5, HallguTe Helo-
cTaromre. Bocrnonb30BaBIIMCh CHPABOYHBIMU JAaHHBIMU, MPUBEICHHBIMU B IPUIIO-
YKEHNH, OIIPEJEIUTE HA3BaHNUE dTOr0 MaTepHuana.

3apaua 4.6. [Ipu u3MepeHU CONMPOTUBICHUSI COOCTBEHHOTO MOJIYNPOBOIHUKA
OBLJIO YCTAaHOBIIEHO, YTO MpPH TeMIiepaType ; ero compoTuBieHue paBHO R, a npu
temiiepatype t, paBHo R,. Ucnionb3ys nanueie, npuBeaeHHbIe B Tabnuie 4.6, HaiiauTe
IMIMPUHY 3alpelieHHON 30HBI U 3HAYEHHUS TeMIepaTypHOro koisdduimeHTa cormpo-
TUBJICHUS MOJIYyIIPOBOJHUKA IIPU Temueparypax tp u t;.
Ucnonb3ys cipaBouHbIe TAOIUIIBI, ONIPEICTUTE HA3BAHKE MMOTYTPOBOIHHKA.

3anaua 4.7. B tabnune 4.7 npuBeaeHa cokparieHHas (Gopma 3amucu siIepHON
peakuuu. JlaiTe MOJHYIO 3alIMCh PEAKIUU U HAaUUTE SJHEPTE€TUYECKUN BbIXoa B MaB.
YKaxurte XxapakTep peakluu — dK30TepMUYECcKas WIU IHAOTEPMUIECKASL.
[TpunsTHIE 0003HAYCHUS:
o= gHe — anb(da-gacTuia, ,0:11,0 — OPOTOH, /1= 01/7 — melitpon, d = iH — JICUTOH,

Y — raMMa-KBaHT, X — UCKOMBII 3JIEMEHT.

3apaua 4.8. Paccuuraiite gedext mMaccel siapa Am, sHeEpruio cBsizu AE., U
YIEIbHYIO SHEPTUIO CBSI3U HYKJIOHOB B A1pe &y, . Mcnoab3ys rpaguk 3aBUCUMOCTH
YACIBHOW SHEPTUMU CBSI3M OT MACCOBOIO yucia sigpa A, JaHHBIA B TMPUIIOKECHUH,
ONPENECIUTE 3HAYECHHUE YJICIbHOM 3HEpruu CBsi3u g Bamero snemenra. CpaBHUTE
HalJICHHOE 3HAYEHHUE C PACCUUTAHHBIM.

Howmep anemenTta coorBeTcTBYyeT Baiemy Bapuanty + 8.
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2.4.3 Tabaauubl BApMAHTOB K 3a/1a4aM 10 TeMe

Tabmnuna x 3agaue 4.1

Bapuant ~ d * " I/IHleae;(i),g;:iImH
HM HM rpajn
1 125 30 1,3 OcnabOnenue
2 500 104 30 Ycunenne
3 450 94 1,3 Ocnabnenue
4 700 30 1,3 Vcunenue
5 152 30 1,3 Vcunenue
6 500 94 45 Ocnabnenue
7 104 45 15 Vcunenue
8 650 45 1,5 VYcunenue
9 680 129 15 VYcunenue
10 720 2172 45 Ocnabnenue
Tabmuma x 3amaue 4.2
A, L, } d, | n,10°% o,
Bapuant Mmax N
HM M cM MKM 1/m rpazn

1 500,0f 1,0 20,1

2 4494 | 2,0 5

3 598,9 15 1

4 1,0 20 5

5 1,5 28 2

6 700,2| 1,0 30

7 6976 1,5 25

8 2,0 25 10

9 1,0 30 2

10 1,0 25 2,5
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Tabmmna x 3amaue 4.3

Bapuant > k B o 2 v 2 > 2
rpan T/cM Br/cm Brt/cm
1 60 0,05 15
2 0,07 12 3,5
3 40 0,15 8,3
4 0,08 28 4,9
5 45 0,09 16
6 30 0,10 8,1
7 0,11 20 1,4
8 25 0,06 11,3
9 20 0,07 3,8
10 55 0,12 11
Tabmuna x 3amaue 4.4
BapuanT i Ot’ 8’2 A n
Br C cM HM

1 1000 927 25

2 1500 1000 25

3 1100 20 2000

4 1150 900 30

5 1200 927 25

6 1000 20 1900

7 950 1027 20

8 2150 32 2300

9 1300 25 1900

10 1100 1127 30
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Tabmuna x 3amaue 4.5

Bapu- Ao, A, v, 107, g, Umaxi Us,
aHT HM 5B ¢t sB KM/C B
1 641 826
2 1,37 0,8
3 942 2,45
4 3,3 4,0
5 460 699
6 2,35 50
7 560 1,34
8 1,81 704
9 792 1,0
10 1,9 4,2
Tabnuna x 3amaue 4.6
Bapuant R o & AR R
OMm °C °C 5B Om
1 5387 17 77 121
2 856 25 45 221
3 7119 25 55 0,66
4 893 65 0,66 157
5 5038 46 80 1587
6 7 72 0,66 188
7 1807 20 53 1,428
8 3525 34 1,428 92
9 4277 15 70 345
10 4752 23 0,78 712
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Tabmuna x 3agaue 4.7

Bapuant Peakiusa
1 “N(a., p)X
2 *Be(a, )X
3 "Li( p, a)X
4 ®Li( p, a)X
5 “B(n, o)X
6 °Li(n, a)X
7 H(p, 1)X
8 *H(p, 1)X
9 H(d, n)X
10 *H( d, )X
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PA3JIEJI 3. CIIPABOYHBIE MATEPHUAJIBI

3.1 OcHoBHBbIE (pu3NYeCKHE MOCTOSTHHbIE

Bennuuna O6o3HaueHue 3HavyeHus
['paBUTaLIMOHHAS TOCTOSIHHAS G,y 6,67-10" "' H-m%/xr?
Yckopenue cBOOOHOTO TaACHUS g 9,81 m/c?® ~10 m/c?
CKOpOCTh CBETa B BaKyyMe c 3-10% m/c
MomnsipHast ra3oBasi TOCTOsTHHAS R 8,31 JIx/(momnb-K)
ITocrosunas boaprimana k 1,38.107% JIx/K
Yucno ABorazpo Na 6,02-10%° momb '
CranpaptHbiii 006EM 1 mMoist raza Vi 22,4-10_3 M>/MOTIB
AToOMHas eqUHHIIA MACCHI 1 a.e.M. 1,66-10" %" r
Macca mokos 31eKTpoHa Me 9,11-10 * kr

0,00055 a.e.m.
Macca nokost HeUTpoHa Mhy 1,67-10" %" kr

1,00867 a.e.m.
Macca nokost npoToHa mp 1,67-10 %" xr

1,00728 a.e.m.
DJIeMEHTapHbBIN 3apsij e, Je 1,6-10" ¥ K
Y AeNbHBIN 3aps]] 2IEKTPOHA e/m, 1,76-10" Ku/kr
DexTpuyecKas NOCTOSTHHAs €0 8,85-10 ** ®/m
MarnuTtHast noCTOsIHHAS Lo 410" Tu/m
[Tocrosinaas ITnanka h 6,63-10** Jik-c
[Tocrosiunas Credana-bonpiiMana c 5,67-10 ° Br/(M*K")
ITocrosinnas cMmemenus Buna b 2,90-10 * MK
[TocTosinuast Pun6epra R 1,097-10" M~ !
Boposckuii paauyc Ao 0,529-10 ™
KomnToHOBCKas 1JIMHA BOJIHBI
JUISL DJICKTPOHA Ac 24310 P!
Maruneron bopa Up 9,27-10 % A-m°
DNEeKTPOH-BOJIBT 1B 1,60-107" Jx
OHeprus HOHU3ALKU aToMa BOAOPOA E; 13,6 5B
DHepreTuYecKuil SKBUBAJICHT | a.e.M. 931,5 MaB
Macca 3emimn M3 5,98-10%* kr
Paanyc 3emmnu R3 6,37-10° m
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3.2.HekoTophkle cBeACHUS O eqUHUIIAX (PU3MUECKIX BEITUINH

3.2.1. Equanner pusndeckux BenwmunH CU, umeronue cOOCTBEHHBIC HANMEHOBAHUS

Enununa
Bemnuunna HANMCHOBAHIC o003HaYeHue 0003HaYeHUe
(pycckoe) (MeXIyHAPOIHOE)
JnuHa METP M m
Macca KHAJIOTPaMM KT kg
Bpewms CEeKyHJa Cc S
[Tnockwuit yrou panuaH pan rad
TesiecHbIN yroJ cTepagvad cp Sr
Cuia, Bec HBIOTOH H N
Pabora, sHeprus JKOYJITh JIx J
MomHocTh BATT Bt W
JlaBenue MacKalb ITa Pa
Hanpspxkenue (Mmexanu- acKaib ITa Pa
YECKOe)
Moayib ynpyroctu acKaJb I1a Pa
Yacrora Koiaebanmii repil I'ny Hz
Tepmoaunamuyeckas KEJIbBUH K K
TeMIieparypa
Temnora IKOYITb NES J
(KOJIMYECTBO TEIIOTHI)
KonudecTBo BemecTBa MOJTb MOJTh mol
DJIEKTPUYECKUN 3apsif KYJIOH K C
Cwuia Toka amriep A A
[Torenumain ’nexkTpuye- BOJIBT B V
CKOT'0 MOJIsI
Hanpspxenue (35ekTpu- BOJIBT V
YECKOe)
DnekTpuyeckas EMKOCTb dapan O F
DJIEKTPUUECKOE COIPO- oM Om Q
TUBJICHUE
DnekTpudecKkas npoBo- CUMEHC CMm S
JIUMOCTb
MarnutHast UHIyKIHS Teclia Tn T
MarHuTHBIH OTOK BeOEp B6 Whb
NHAYKTUBHOCTD reHpU I'n H
Cwuia cBera KaHjemna K1 cd
CBeToBOI MMOTOK JIOMEH M Im
OcBelEHHOCTh JIFOKC JIK Ix
[ToTOK u3ydeHus BATT Bt W
Jlo3a uznyuenus (mo- rpei I'p Gy
[JIOLIEHHAS 103a)
AKTUBHOCTh U30TONA OeKKepeshb bk Bq
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3.2.2. MHOXWTEIN U IPUCTABKHU ISl 00pa30BaHus JECATUYHBIX, KPATHBIX U JOJIbHBIX
€IUHUL U UX HANMEHOBAaHNU

[IpucraBka
MHoxuTenpb IIpumep
HanMEHOBaHUE | 0003HAYCHHE
10" rnera IT neTarepi [
10* Tepa T TEePaKOYJIIb TJx
10° rura r TUTaHbIOTOH I'H
10° Mera M Meraom MOwm
10° KHJIO K KHJIOMETP KM
10° TEKTO r TE€KTOBATT rBt
10! eKa na JEKaTUTP nai
107! TeTn i TEIUMETP M
107 CaHTHU CaAaHTUMETP cM
10°° MUJLIN M MUJUTAAMIIED MA
10°° MUKPO MK MHUKPOBOJIBT MKB
107° HaHO H HAaHOCEKYHJIa HC
107 ITUKO I nukodapas g
107" demTo ¢ dbeMromeTp bMm

3.2.3. BHecuCTeMHbIE €UHULIBI, JOMYIIEHHbIC K TPUMEHEHUIO HapaBHE C AMHUIIAMU
CU (B cootBeTcTBUM CcO cTanaapToM 1052-78
«Metposorusi. EnHuIb! GU3NYECKUX BEIIMUUH) )

Benuuuna HaumenoBanue O6o3HaueHue CooTHoleHue ¢
equuunen CU
Macca TOHHA T 1000 xr
rpaMm r 0,001 kr
O6bEM, BMECTIMOCTh JIUTP I 0,001 m°
OtHocuTeNnbHAS BeIWYMHA | equHuiia (yucio 1) — 1
IIPOLIEHT % 1072
Jlorapudmuueckas oen b —
BEJIMUMHA nenuoen nb —
Temneparypa rpanyc Llenbcus °C 1°C = 1K
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3.2.4. COOTHOILICHHS MEXy BHECUCTEMHBIMU eAUHULIAMU U eauHuiiamu CU

Eounuyvt mexanuueckux eenuuun
JnmunHa 1 aurcrpem = 107" m
Bpewms 1 cytku = 86400 ¢
1 rox = 365,25 cyrok = 3,16-10" ¢
[Tnockuii yron 1°= 1/180 pax = 1,75-107 pan
1'= (n/108)-10* pax=2,91-10" pax
1""= (1/648)-10~ pan = 4,85-10"° pan
O0BEM, BMECTUMOCTD la=1nam =107
Macca 1t=10"kr
1r=10"kr
1 a.em. = 1,66-10" kr
Cuna 1 krc =9,81 H
Pabora, sneprus 15B=1,6-10" Jix
1 kBr-u = 3,6-10° Jx
MomHocTh 1 1.c. =736 Bt
JlaBnenue 1 kre/em® =1 at™ (texn) = 9,81-10 Ta
I mM pT. cT. = 133,3 []a
Tennota 1 xan=4,19 JIx
MarauTHast UHIYKIUS 1 I'c (rayce) = 10 T
Hanpsk€HHOCT MArHUTHOTO MOJIS 1 O (apcren) = 79,6 A/m

3.2.5. Koaddurmentsl CThro/IcHTA ton

n\a 0,9 0,95 0,98 0,999
2 6,31 12,71 31,82 636,62
3 2,92 4,30 6,97 31,60
4 2,35 3,18 4,54 12,94
5 2,13 2,78 3,75 8,61
6 2,02 2,57 3,37 6,86
7 1,94 2,45 3,14 5,96
8 1,90 2,37 3,00 5,41
9 1,86 2,31 2,90 5,04
10 1,83 2,26 2,82 4,78
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3.3. TaGuunbl pu3nvYeCKUX BeJUIHH

3.3.1. ITOTHOCTH ¥ MOZYJIb YIIPYTOCTH TBEPABIX TEI

Marepuan , P, ; Monayne ynpyroctu
10" xr/m (FOnra) E, I'Tla

AroMUHUI Al 2,70 69 — 72
Bonbsdpam W 19,3 350 — 400
I'epmanuii Ge 5,32 82
Keneso Fe 7,86 195 - 205
30J10TO Au 19,3 78 — 83
J% 05919705 In 7,31 10,5
Kpemuwii Si 2,33 110 - 160
Menp Cu 8,96 110-130
Monubaen Mo 10,2 300 - 330
Huxenb Ni 8,9 200 - 220
O0BO Sn 7,3 41 - 55
IManmaguii Pd 12,0 115-125
[Imatuna Pt 214 150 - 175
Cenen Se 4,79 55
Cepebpo Ag 10,5 12-725
Caunen Pb 11,4 14 -18
CrpoHuuii Sr 2,6 -
Turan Ti 451 110
Huak Zn 7,14 100 - 130
JlropantomMuHuii 2,79 70-725
Craip (kaTaHas) 7,85-8,0 200 - 210
MenHbie cIiaBbl (JIATyHH) 8,4-8,7 102 - 115

3.3.2. TennoBble CBOMCTBA TBEPABIX TEN
BemectBo [ c, A, K, a,

°C kJx/(kr-K) | 10° Jx/kr | Br/(M-K) 10° K™
AroMuHUI 660 0,86 4.0 237 23-24
JIroparoMuHuN 600 0,60 130 18 — 26
Cranb 1440 0,45 2,7 50 10-18
3051010 1063 0,64 317 78 — 83
Menb 1083 0,38 2,1 400 16 - 17
Menansie cmmasl | ggg 0,35 110 18 - 20
(matynu) ’
Caunerg 327 0,13 0,23 35 28 - 29
O10BO 232 0,23 0,605 70 20-22
Jen 0 2,10 3,4 2,2 52,7
Crexio (OKOHHOE) 600 0,67 1,4 0,92 6-10

64




Betunnos A.B., Boikos A.®.

, Jlymnuena T.I1.

Metoanueckoe nocodue no Ghusuke

tn — TEMIIEpaTypa I1aBJICHUS,
A — ynenbHas TENIoTa IUIaBJIeHUS,

¢ — yAeJIbHasl TEIUIOEMKOCTb;
K — k03¢ uImeHT TernaonpoBoIHOCTH;

oL — TeMIIepaTypHbIN KO3(PGUIIUESHT TUHEHHOTO pacIupeHus (CpeHue 3HAUCHU).

3.3.3. CpoiictBa xuakoctei npu 20°C

[ToBepxnocTHOE | Temneparypa
BemecTBo IInotHOCTE | BA3KOCTB M, | parsxenue Qa, KuneHus t,
P mlla-c MH/m °C
kr/m°
Bona 1000 1,00 72,8 100
['unepun 1260 1480 59,4 290
Macno 955 986
KacTOpOBOE
Macio tpaucdop- 860
MaTOPHOE
Kepocun 840 15
PtyTh 13595 1,55 475,0 356,6
3.3.4. CrotictBa ra3os npu 20°C
[110THOCTS P JlnameTp Bsizkocts 1, | 1lokasarens
Berectso IIPH HOPM.YCIL., | MOJIEKyJbI d, mkITa-c aanadaThl

KI/M HM Y=Cp/Cy
Azot N, 1,2505 0,371 16,6 1,401
Bopgopon H, 0,0899 0,28 8,4 1,407
Bozmyx 1,293 0,357 17,1 1,400
I'enuii He 0,1785 0,1987 18,6 1,63
Kucnopon O, 1,4289 0,35 19,2 1,400
VTrieKucieii ra3 1,977 0,45 13,8 1,33
CO,

3.3.5. CkopocTtsb 3ByKa npu 20°C

["a3bl Kuakoctu TBEpabIe Tema
BemecTBo v, M/C BemecTBo v, M/c BemecTBo v, M/C
Boznyx 334 Bona 1482 JlaTtyHb 3490
Bogopon 1300 ['munepun 1895 Cranb 5100
Mertan 430 Kepocun 1295 ['panut 3950

3.3.6. 3aBUCUMOCTH CKOPOCTH 3BYKa B CyXOM BO3/YyX€ OT TEMIIEpaTyphl
IpY HOPMAIBHOM aTMOC(HEPHOM J1aBJICHUU

t,°C

0 10

20 30

v, M/C

331 338

344 351
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3.3.7. DyeMeHTbI NEPUOANYECKON CUCTEMBI
Z — opsIAKOBBIN HOMEpP; A — OTHOCUTEIIbHASI aTOMHAsl Macca
XUMHUYECKOTO AJIEMEHTA (OKPYTJIECHHbIE 3HAUCHHMS])

Z OnemenT | CumBOI A Z ONEMEHT CumBoa A
1 Bongopon H 1 47 | Cepebpo Ag 108
2 Temuit He 4 48 Kagmuit Cd 112
3 Jluuii Li 7 49 %05 0107071 In 115
4 bepumnmit Be 9 50 OmoBo Sn 119
5 Bop B 11 51 | CypsMa Sh 122
6 Yriepon C 12 52 | Temmyp Te 128
7 A3zor N 14 53 Hon | 127
8 Kucnopon O 16 54 Kcenon Xe 131
9 dTop F 19 95 | lesmit Cs 133
10 | Heon Ne 20 56 | bapuii Ba 137
11 | Harpwmit Na 23 57 | JlaaTan La 139
12 | Maruauii Mg 24 58 | Lepuit Ce 140
13 | AmoMuHM#I Al 27 59 | IIpa3eogum Pr 141
14 | Kpemuuii Si 28 60 | Heomum Nd 144
15 | ®ocdhop P 31 61 | IIpomeTuii Pm 145
16 Cepa S 32 62 Camapuii Sm 150
17 | Xnop Cl 35 63 | EBponmii Eu 152
18 Apros Ar 40 64 agonuuanii Gd 157
19 | Kamui K 39 65 | TepOuii Th 159
20 | Kanpuwmit Ca 40 66 | Jlucposuit Dy 163
21 Cxannit Sc 45 67 ["onpMuii Ho 165
22 | Turan Ti 47 68 | DpOwmii Er 167
23 | Banagmii V 51 69 Tynuii Tu 169
24 | Xpom Cr 52 70 | UtTepOmit YDb 173
25 Maprasen Mn 55 71 Jlroreuui Lu 175
26 | XKeneso Fe 56 72 | Taduuit Hf 178
27 KobansT Co 59 73 | TaHTan Ta 181
28 | Hukenp Ni 59 74 | Boasbhpam W 184
29 Menb Cu 64 75 Pennii Re 186
30 | Ilunk Zn 65 76 | OcMmuid Os 190
31 | Tammmid Ga 70 /7 | Npunmit Ir 192
32 ["'epmanmit Ge 73 78 | Ilmaruna Pt 195
33 MbIIbSK As 75 79 30510TO Au 197
34 | Cenen Se 79 80 | Pryth Hg 201
35 | bpom Br 80 81 | Tayui Tl 204
36 Kpunron Kr 84 82 CauHell Pb 207
37 | PyOouauii Rb 86 83 | Bucmyt Bi 209
38 CrpoHuuii Sr 88 84 [Tomouui Po 210
39 | UrTpuit Y 89 85 | Acrar At 210
40 | [lupkoHMit Zr 91 86 | Pamon Rn 222
41 | HuoOuii Nb 93 87 | ®panmui Fr 223
42 | Moimbaen Mo 96 88 | Paguii Ra 226
43 Texnenuit TcC 99 89 AKTUHUM Ac 227
44 | PyreHuii Ru 101 90 | Topwmii Th 232
45 | Pomuii Rh 103 91 | IIpoTakTuHHIHA Pa 231
46 [Mammaguii Pd 106 92 VYpan U 238
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3.3.8. DileKkTpUUeCcKHne CBOMCTBA BEUIECTB

Jusnexrpruueckas [TpoOuBHas
Bemectso MPOHHUIIAEMOCTb, HaNpsLKEHHOCTS E,

g 10° B/m
Bo3ayx 1,0 3,1
Macno TpanchopMaTopHoe 2,2 12 -20
Maciio KOHJIeHCAaTOpHOE 4.0 20-25
Cmrona 7,0 100 - 250
CTeKJ10 2JIeKTPOU30JISIITUOHHOE 5,0 40 - 44
TexcTonut 8,0 27 -30
[TapadguanpoBannas Oymara 2,1 40 - 60
[MommpyTuien 2,2 25-60
Kepocun 2,1 —
dapdop 5,0 30-32
D00HUT 3,0 20-35

3.3.9. Y nenpHOE 37IEKTPUIECKOE COTIPOTUBIICHUE Py U TEMIIEPATyPHBIA KO HULIUEHT
COIIPOTHUBIIEHUS 0L HEKOTOPBIX MPOBOAHUKOB 1pu 0°C

Po; Q,
Hpovozii 10°% Om-m 1073 rpaz[_1
AroMuHnR Al 2,5 4.60
Bananuit Vv 18,2 3,90
Bonbdpam W 4,89 5,10
Kemeso Fe 8,6 6,51
30J510TO Au 2,06 4,02
KobanbT Co 5,57 6,04
Marnwuii Mg 4,31 4,12
Mens Cu 1,55 4,33
Monubnen Mo 5,05 4,73
Heonum Nd 71,0 2,00
Hukens Ni 6,14 6,92
OnoBo Sn 11,15 4.65
[Manmaguii Pd 9,77 3,77
[Tnatuna Pt 9,81 3,96
PtyTh Hg 94,07 0,99
CBuHell Pb 19,2 4,28
Cepebpo Ag 1,49 4,30
Turan Ti 42,0 5,46
XpoMm Cr 14,1 3,01
Huak Zn 5,65 417
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Po, Qa,
{Iposopc 10°° Om-m 10°° rpag™
Cranb 12,0 6,10
Koncranran 50,0 0,05
Manrauua 43,0 0,01
Helizunnoep 30,0 0,25
Hukenun 40,0 0,11
Huxpom 110,0 0,12
dexpanb 130,0 0,15
JlatyHb 7,1 1,70

3.3.10. CBs3b MEX1y MarHUTHOM MHIYKIMEH B moJist B heppoMarHeTuKe
U HaNpsDKEHHOCTHIO H HaMarHMYMBAIOMIETo MOJIs

B, Tn
1,5 Wenezo
1,25 p PEad ’C"an},
/ P
/ v
V/ I/
1’0 / //
11/
0,75
/
I E——
[ | —
0,5 Yyryn
” /,
A
0,25 —
7
0 500 1000 1500 2000 2500 H,A/M
3.3.11. [Toka3arenu npenomMiaeHUs
I'a3nl Kunkoctu TBEpabIE TENIA
BemectBo n BemiecTBo n BemiecTBo n
A3zor 1,000297 | Bona 1,33 Anmas 2,42
Boznyx 1,000292 | I'mumepun 1,47 Ksapi mias 1,46
Metan 1,000441 | Macio 152 | Crexio 1,50
KEJIPOBOE
Xs10p 1,000768 | Macno 1,60 | NaCl 1,53
KOPUYHOE
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3.3.12. uTepBanbl JJIMH BOJIH U YaCTOT U COOTBETCTBYIOIIME UM I[BETA
BUJMMOM YaCTH CIIEKTpa*

L{ger criekTpa JlJInHa BOJIHBI, Yacrora,
HM TI'o

Kpacupbiii 760 — 620 395 — 483
OpanxeBblii 620 — 590 483 — 508
Kenteri 590 - 560 508 — 536
3eIeHbIN 560 — 500 536 — 600
["omyGoit 500 — 480 600 — 625
Cunuit 480 — 450 625 — 666
DHoJIETOBBIN 450 — 380 666 — 789

*(01acTh BUAUMOM YaCTH CIIEKTPa 3aKII0YEHA B TPAHUIIAX BOJTH MPUOIUZUTEIHHO OT
760 no 380 HM. I'paHuUIIbl IBETOB CIIEKTPA TAKIKE ONPEAEISIOTCS JIMIb YCIOBHO.

3.3.13. OcHoBHBIE HU3UYECKHUE CBOMCTBA BAXKHEHIITUX

IMOJYIIPOBOAHUKOBBIX MATCPHATIOB

H_[I/.I.pI/IHE\l’ 3anpe- | llogBmxHocTh | IloaBMXKHOCTB TLIOTHOCTE
BetmiecTso I_HCHHXE 30HBI C-)J'ICK:;I;OHOB m;pox 0. 3
aB’ CMZ/é C CMZ/H]’S ‘C r/em
Si 1,107 1600 500 2,33
Ge 0,66 3900 1900 5,32
Te 0,33 (4,2 K) 1890 790 6,25
Se 1,79 - 3900 4,80
C (anma3) 5,4 — — 3,51
GaAs 1,43 8 500 420 5,37
GaSh 0,78 4000 650 5,61
GaP 2,24 8500 435 4,13
INAs 0,36 33000 460 5,68
InSb 0,18 78 000 750 5,78
InP 1,26 4600 150 4,79
PbS 0,41 600 600 7,61
PbSe 0,28 0,50 1000 8,15
PbTe 0,32 1730 840 8,16
SnTe 0,18 - 400 6,45
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3.3.14. PaGora BpIX01a 11 XUMHUYECKHA YHUCTHIX DJIEMEHTOB 1
AJIEMEHTOB, MOKPHITHIX CIIOEM ajcopbara

JJIEMEHT CumBon A, >B AncopbeHT — amcopoar A, »B
ANOMUHUI Al 4,25 C-GCs 1,37
Bonbdpam wW 4,54 Ti—-Cs 1,32
['epmanuii Ge 4,76 Cr-GCs 1,71
Nunni In 3,80 Fe-Cs 1,82
Uttpuii Y 3,30 Cu-0GCs 1,64
Kannii K 2,22 Mo - Cs 1,54
KooGanst Co 441 Ge - Ba 2,20
Kpemunii Si 4,80 Mo -Th 2,58
Maruui Mg 3,64 Ag - Ba 1,56
Mapranern Mn 3,83 Ta-Cs 1,10
Menb Cu 4,40 W - Li 2,18
Harpuii Na 2,35 W -La 2,20
Huxkenb Ni 450 Pt — Na 2,10
[Mannaguii Pd 4,80 Pt-Rb 1,57
[Ipazeonum Pr 2,70 Pt — Ba 1,90
Camapuii Sm 2,70 W-0-Na 1,72
Cenen Se 4,72 Crans 1X18HIT - Cs 1,41
Cepebpo Ag 4,30 Ta,C - Cs 1,40
CrpoHmwmii Sr 2,35 TaSi, — Cs 1,47
Xpom Cr 4,58 Mo,C - Cs 1,45
[e3wmit Cs 1,81 WSi, - Cs 1,47
[uuk Zn 4,24 Pd -Cs 1,51
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3.3.15. 3aBUCUMOCTbD yAEIbHOUN SHEPTHUsl CBSA3U OT MACCOBOI'0 YMCIa

4 238
e g ool 2

/! \%_
82 P
36 KT 195

s i
b oL

oo

»

1)

o

80 160 240
MaccoBoe uncio, A

VnenpHas sHeprus cBssu €, MaB/Hykion
AN

3.3.16. 3aBucuMoOCTb KO3 (pPHUIIMEHTA JIMHEHHOTO OCIa0JICHHS
OT DHEPTUH MaIArOITUX (POTOHOB JIIT HEKOTOPHIX MaTEpPHaIOB

u, cml
IREERY
0,6 ‘\
\\ CBuHen +—-
\\ N\ P
1
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\
\
0,4
\\
N
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03 \ N
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0 HEN
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¢dbotoHOB
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3.3.17.0cHOBHBIE CBOMCTBA HEKOTOPHIX U30TOIOB

Taomuna 3.3.17

AToMHas OtHOCHUT.

OnemeHT Cnzox macca, pacIpocTpaH. Tun Hepuor
HN30TOIIa A.€.M. % paciiaga Imojaypaciiaga

Heittpon on1 1,008665 - B— 14,5 mun
[IpoTon 1pl 1,007276 — cra0uiieH
Bozopon H 1,007825 99,985 cTaGuIeH
Jelitepuit 1H2 2,014102 0,015 cra0uiieH
Tpurnii H 3,016049 — B— 12,33 rosia
I'enni 2He‘°’ 3,016030 0,000138 cTaOwiIeH
I'enni 2He4 4,002604 99,99986 cTaOwiIeH
JIutnii 5Li° 6,015126 7,52 cTaGuIeH
JIurtuii sLi’ 7,016005 92,48 cTaGuIeH
Bepunuii Be’ 7,016930 _ 3.3, 53 mHs
bepunnuit .Be ’ 9,012186 100 cTaOniIeH
Bop sB" 10,012939 19,9 cTaGHIICH
Bop ;B 11,009305 80,1 cTaGHIICH
Yriaepos sC” 12,00000 98,89 cTaGHIICH
Yrnepon 6C13 13,003354 1,11 crabuiieH
Yriepon sC 14,003242 — B— 5730 ner
AsoT N 14,003074 99,63 cTaGHIICH
AsoT NP 15,000108 0,37 cTaGHIICH
Kucnopon 8016 15,994915 99,762 crabuiieH
Kucnopon g0’ 16,999133 0,038 cTaGuIeH
Kucnopon §0"° 17,999160 0,200 cTaGuIeH
drop oF 18,998405 100 cTaGHIICH
Heon 1oNe”’ 19,992440 90,51 cTaGHIICH
Heon 1oNe* 20,993849 0,27 cTaGHIICH
Heon 1oNe” 21,991384 9,22 craGHICH
Harpuit 1Na® | 21,994435 — B+ 2,6 rona
Harpuit 11Na™ 22,989773 100 cTaGuIeH
Marnuit oMg® | 22,994135 — B+ 11,3 cex
Marnuii Mg | 23,985044 78,99 cTaGuIeH
Maruuit 1»Mg* 24985840 10,00 cTabuieH
MarHuii 1LMg* 25,982591 11,01 cTabmIIeH
Marnuit Mg’ 26,984345 — B— 9,46 MuH
AJIIOMUHHiT Al 26,981535 100 cTaGuIeH
Kpemuuit 14Si” 27,976927 92,23 cTaGuIIeH
KpemHnit 14Si% 29,973761 3,10 cTaGuIeH
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[Tpomomkenue Tadbmmmp 3.3.17

A30TOIa a.e.M. % pacnama | mojiypacmnazga
dochop 15P% 29,978320 _ B+ 2,5 MHH
dochop 5P 30,973763 100 CcTaGHIICH
dochop 15P% 31,973908 _ B — 14,36 cyt
Cepa 1657 31,972074 95,02 cTabuieH
Cepa 165° 34,969034 _ B— 87,24 cyrt
XJ10p 17C|35 34,968854 75,77 crabuiieH
X1op CI”’ 36,965896 24,23 cTaGuIeH
Aprou 18Ar° 35,967548 0,34 cTaGuIeH
AproH 1sAr" 39,962384 99,60 cTaGHIICH
Kaunuii 1K 38,963714 93,26 crabuieH
Kanmnit 10K* 41,962417 — B— 12,5 uac
Kanbuuit 20Ca® 39,962589 96,94 crabuieH
Cranauii ,,Sc® 44955919 100 cTaOWiIeH
Turan 2 Ti % 47,947948 73,8 crabuieH
Banauii 2V 50,943978 99,75 crabuien
Xpom 4Crt 50,944786 — 3.3, 27,7 cyT
Xpom 24Cr* 51,940506 83,79 cTaGHIICH
Maprasgen sMn> | 54938054 100 cTaGHIIcH
Keneso sFe” 54,940438 — 3.3. 2,7 rona
Keneso e 55,934935 91,72 crabuien
Keneso ke’ 56,935391 2,2 crabuien
Ko6anbT ,7Co> 57,935754 _ 3.3, 70,78 cyT
Kobaisr 2,7C0> 58,933189 100 crabmieH
KoGanbt 7Co® | 59,933816 — B — 5,27 rona
Huxkens 28Ni58 57,935343 68,27 crabuiieH
Huxkenb NI | 62,929665 — B+ 100,1 rona
Meb ,sCU®> 62,929594 69,17 crabuien
Meb ,sCU® 64,927786 30,83 crabuien
Huak 3OZn64 63,929141 48,6 crabuiieH
Tamii er 68,925576 60,1 crabmieH
TCammii 51 Ga’t 70,924695 39,9 crabmieH
I"epmanmii 32Ge70 69,924245 20,5 cTaOWiIeH
I'epmaHuii 2Ge'? 71,922075 27 4 cTabmIIeH
MBIIBAK 33AS"™ 74,921590 100 crabuieH
Cenen 34Se78 77,917298 23,6 crabuiieH
Cenen 348680 79,916515 497 crabuiieH
Bpom 55Br"” 78,918330 50,69 cTaGuIeH
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[Tponomxenue Tabmuist 3.3.17

ATtoMHasg OTtHOCHT.
OnemeHT Czox macca, pacnpocTpas. Fn Hepuox
HN30TOIIa A.€.M. % pacmiaga mogypaciiaaa

KpunTon 36Kr84 83,911446 57,0 crabuiieH
Kpunton 6Kr™ | 84,912531 — B— 10,72 rosia
PyGumuit 57Rb% 84,911788 72,16 cTaGuIeH
Py6uuii 57Rb%® 85,909183 _ B— 18,66 cyT
CrpoHmii 5631 87,905622 82,58 cTaGHIICH
CTpoHmumii 5631 88,907448 _ B — 50,55 cyT
CrpoHuuii 2SI 88,907734 — B— 28,6 net
UtTpwit % 87,909503 - 3.3 106,6 cyT
UtTpuit 50Y> 88,905849 100 cTaGuIeH
L{upKOHUit 20Zr” 89,904701 51,45 crabuieH
L{upKOHHit 0Zr> 94,908028 - B— 64,0 cyT
HuoGwuii »Nb”® | 92906372 100 cTabuieH
MonubeH M0 | 91,906802 14,84 cTaGuIeH
Texuenuii 5TC” | 97,907203 -~ B— 4,2-10 ® ner
PyTeHuit »Ru™™ | 101,904338 31,6 craGHIcH
Ponui R | 100,906162 — 3.3, 3,3 roza
Ponui »sRh'® | 102,905502 100 cTaGuIeH
Tautauii 4Pd'® | 107,903891 26,46 cTaGHIICH
Cepebpo +#Ag™ | 106,905088 51,84 craGuIeH
Cepe6po #Ag | 108,904748 48,16 cTaGuIeH
Kamuii ,Cd™" | 113,903354 28,73 cTaGuIeH
Unnii wIn™ | 114,904070 95,72 cTaGuIeH
O110B0 5Sn"® | 117,901790 24,22 cTaGHIIcH
011080 5S> | 122,905715 _ B— 129,2 cyt
CypbMa 5:Sb™" | 120,903750 57,25 cTabuien
CypbMa 5.5 | 122,904216 42,75 cTaGuIeH
Temwtyp s, Te™™ | 129,906700 33,8 cTaGHIIcH
Won 53l 126,904471 100 cTaGuIeH
Hon s3I | 130,906112 — B— 8,04 cyt
Kcenon 54X6132 131,904142 26,9 cta0uiieH
Kcenon saXe™> | 134,907040 — B — 9,13 uac
Le3wuit 55Cs > | 132,905427 100 cTabuien
Lle3nit 55Cs > | 133,906694 — B— 2,06 roia
Bapuit ssBa° | 137,905226 71,7 cTaGHIIcH
JlaHTaH s7La™> | 138,906348 99,91 cTabuieH
Hepuii 5sCe™° | 139,905436 88,48 cTaGuIeH
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A30TOIa a.e.M. % pacnama | mojiypacmnazga
[Tpazeonum 59P|’141 140,907651 100 crabuiieH
Heommm eoNd™™ | 145913121 17,2 cTaGuIeH
Vpu it Ir" | 191,962990 — B— 73,8 cyT
30710TO oAU | 196,966557 100 cTaGHIIeH
3071010 oAU | 197,968240 _ B— 2,7 cyr
PTyTh soHg™" | 196,966557 - 3.3, 260 ner
Taymit aTI7" | 203,973884 — B— 3,78 ronia
CBuHell £Pb”® | 205,974461 241 cTaGuIeH
CBuHel ePb®™"’ | 206,975932 22,1 CcTabHIIeH
CuHel £Pb?® | 207,976641 524 cTabuieH
BucmyT gsBi*° | 208,980423 100 cTaGuIeH
BucmyT gsBi*™" 209,984114 — B— 5,0 cyt
IHomonnit 84P0210 209,982871 — o 138.4 cyt
Acrar gsAt™" | 209,987490 - 3.3. 8,1 uac
Pajon RN | 222,017533 _ o 3,8 cyT
Panit ggRa™ | 220,010972 - a 0,025 ¢
Pauii gsRa”® | 226,025361 — o 1620 net
Panii ggRa™’ | 227,029220 — B— 42,2 mun
AkTuHui goAc”® | 228,031169 — B— 6,13 uac
Topuii oTh™ | 229,031629 - o 7340 ner
Topwii oTh™ | 230,03080 - o 7,54-10" et
Topwuii 0Th™" | 231,036301 — B— 25,52 1ac
Topuit oTh™ | 232,038211 100 o 1,4-10" ner
Topwuii 0Th™® | 233,041433 — B— 22,3 MuH
Iporaktnamii | o;Pa”™ | 233,040246 — B— 27,0 cyT
Vpan U™ | 233,039632 - o 1,59-10° net
Ypan U™ | 234,040950 0,006 o 2,45.10° et
Vpan U™ | 235,043931 0,72 o 7,04-10° ner
Ypan U™ | 236,045733 — o 2,34-10' nter
Ypau U™ | 238,050762 99,27 o 4,46-10° ner
Vpan U™ | 239,054321 — B — 23,5 MuH
Hentynuii sNp=" | 237,048172 - o 2,14-10° net
HenryHnit sNp™ | 239,052935 - B— 2,36 cyT
Iy ToHuiA oPU™® | 238,049522 - o 87,74 rona
IL1yTOoHMIA wPU | 239,052162 - o 2,4-10" ner
Iy ToHUit oPU™ | 240,053812 - o 6,54-10° et
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HEPHO-TEXHIYHUX  CHEI[lalbHOCTe  BUUIMX  HABYaJIbHUX  3aKkiaaiB  /
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Hs 1 XBWI. XBUJIHOBA 1 KBAHTOBA ONTHKA. EleMeHTH KBaHTOBOT MexaHiku. OcHO-
BU (13uKHK TBepaoTo Tia. EnemenTn $izuku aTOMHOTO sifjpa: HaBYAIbHUI MOCI0-
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3HAYEHUsS] OCHOBHBIX (PU3NYECKUX MOCTOSHHBIX U CBEJICHUS O €IUHULaX pu3nde-
CKHUX BEJMYMH. 3HAYEHHUS IMTOCTOSIHHBIX OKPYIJIEHBI 10 3HAYEHHUH, JOCTaTOYHBIX
11 pacu€TOB MPH peLIeHUH 331a4 U JabopaTtopHbix pacuéroB. CoaepxaHue Tpe-
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Pexxnm moctyna: http://ea.donntu.org/handle/123456789/2798
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HOBbI MEXaHHMKH, MOJIEKYJsipHasi GU3MKA U TEPMOJAMHAMMKA, JJIEKTPOCTAa-
THKA U MOCTOSIHHBIH TOK, 3JieKTpoMarnetusM. KoHcrekT npenHasHaueH aiis
CTYJIGHTOB 3204YHON M OYHO-3a049HOM (hopmbl 0OydeHHS. MOXKET OBITh UCIOJIB30-
BaH CTyJCHTaMH JIpyrux GopMm 00yUueHUsI.

Jlymmuena, T.I1. Koncnexkr nekmuit mo ¢usuke. Yacte 2 / T.II. Jlymmnuena,
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npelHa3Ha4YeH JJIsl CTYJIEHTOB 3a0YHOM M OYHO-3a04HOU (hopmbl 00yueHus. Mo-
’KET ObITh UCIIOJIB30BaH CTYJEHTaMu APYyrux Gopm oOydeHus.

Tpodumona, T.U. Kypc dusuxku / T.II. TpopumoBa — M.: Beicmas mkona,
2001. — 542 c.

Hetnad, A.A. Kypc ¢usuku: ydebHoe mocobue mis By3oB / A.A. lletnad,
B.M. fBopckuit — M.: Beicmias mkoua, 2002. — 718 c.

Bonbkenmreiin, B.C. COopHuk 3amad 1o oOmemy Kypcy ¢usuku [
B.C. Bonbkenmreitn — M.: Hayka, 1985. — 384 c.
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